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pumping, there is a system of leveling culverts running 
from the bottom of each dry dock, so in the event of a 


WE publish an engraving giving a bird’s eye view of | vessel in No. 1 dry dock having finished repairs, and 


the works as now being carried out, a large proportion 
of the work having been done, and showing that the 
original plans have been adhered to. The first turf 
was cut 8th July, 1882; the work is being carried out by 
the East and West India Dock Company. Contracts 
for the work were let to and commenced by one firm 
of contractors, but they are now being carried out vi 
gorously by Messrs. Lucas and Aird, under Messrs. 
Manning and Baines, MM.I.C.E., who are the engi 
neers of the undertaking. The entrance, which will be 
100 yards wide, is opposite Gravesend. This leads into 
a tidal basin where ships can enter at all states of the 
tide, and discharge their passengers close by the large 
hotel which is now being built. The entrance lock is 
80 ft. wide, with walls composed of Portland cement 
eonerete, faced below water with stock brick, above 
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water with blue brick. The quoins and pointing sills 
are all of Cornish granite. The gates are of wrought 
iron, and are being made by Messrs. Clayton and Co., 
Preston. A speciai arrangement is being adopted to 
carry the center of gravity of gates over the center of 
the rollers, the latter being large, and mounted in sueh 
a manner that they may be raised to the top of the 
gates, with their bearings, for inspection and repair, 
and so that they may be adjusted so as to carry each 
its due load, and to trim the gates. These will be 
worked by hydraulic rams placed in a horizontal posi- 
tion. All the hydraulic machinery will be supplied by 
Messrs. Armstrong and Co., with the exception of the 
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cranes, which are being made by Messrs. Walker and | 


Co., of Leeds. To the east of the lock are four large 
graving docks, the walls of which are built of conerete 
faced, where there is no wear and tear, with stock 
bricks. The altars are of York stone with 
at the back. A timber coping will run round the grav- 
ing docks, with eyebolts let in every few feet 
flooring of graving docks will be of pitch pine, and a 
dry pathway will lead round bottom of docks, to enable 
captains of vessels to examine the ships’ bottoms with- 
out wetting their feet. The graving docks will be fill- 
ed, either from the tidal basin or main dock, through 
large culverts, through which they can also be run cut 
to low water. The remaining water will be pumped 
out by large centrifagal pumps—a notice of which ap- 
peared in 7he Bngéneer, vol. \viii:, p. 452. There will 


| 
be one pump to each of the four graving docks, two of | Engineer. 


their suctions being 7 ft. in diameter and two 6 ft. dia- 
Ineter. 


made to pump am dock, so that it will be impos- 
sible for any delay Sith the work in docking. To save | east of the Mississippi River. 
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}of men and plant being employed. 
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These pulps afe so arranged that any can be | 


wanting to go out, and a vessel wanting to be docked | 
in No. 4 dock, a large amount of water from No. 4 can 
be run out at low tide, and nearly all the remainder 
ean be run off into No. 1, thus saving a large item in 


the cost of pumping. | 


There wil! be three eaissons to the large and three to 
the small graving docks. These are built by Messrs. 
Green, of Blackwall. There will be three stops for the 
center caisson, to enable the length of the dry docks to 
be altered to suit the varying lengths of vessels. They 
are ship caissons, worked with air chambers and water 
tanks, to prevent their jumping. The cloughs of the 
graving docks will be worked by hand, so as to avoid 
the results of accidental leakage of water under pres 
sure past the valves of a hydraulic ram, and thus lift 
ing the cloughs at a wrong time. The walls of the main! 
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and branch docks are similar to those of the lock, but 
with the exception that below water they are faced 
with fine concrete, instead of stock brick. The copings 
will be of granite. There will be a series of sheds down 
each jetty, and movable hydraulic cranes will run up 
and down the quays. 

The hydraulic machinery will be worked from the 
engine-house at the north end of the docks. There will 
be three pairs of compound engines, made by Messrs. 
Armstrong, and the pressure pipes from these will 
make a complete circuit round all the dock walls. There 
will be a new station on the London, Tilbury, and 
Southend railway close by the engine-house, and those 
using the docks will walk along an overhead gangway 
over the various lines and down brows leading to the 
various docks. The goods will be brought by rail at 
the north end of the ground by a short length of rail- 
way now being made. Two canteens are being built, 
which will make ample provision for those using the 
docks. | 

A large quantity of the work, of which this is a brief | 
account, is in a very forward state, a very large number 
The works are of 
unusual magnitude, and there are many features in the 
construction of the walls, the arrangement and propor- 
tions of the culverts, the arrangements for controlling 
the level of the water in the docks and for pumping by 
any or all of the machinery from any of the docks, and 
of many other interesting engineering features.—7'he 





A LARGE steel manufacturer in Pittsburg, Pa., thinks 
that a year hence not a kegof iron nails will be made 
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STEEL BOILER 
By Mr. W 


AN ordinary cylindrical boiler of 13 ft. diameter and 
16 ft. long, designed for a pressure of 150 Ib. per square 
inch, for which the seantlings were amply sutficient, 
burst under the hydraulic test. The pressure was ap- 
plied very carefully, and when it had reached 240 Ib. 
the fracture occurred, extending completely across one 
of the shell plates, and to a slight extent also into the 
adjoining plate, as shown on the diagram. The boiler 
was constructed entirely of steel, made on the Siemens 
Martin process by a firm who enjoy the reputation of 
producing a material second to none in the eountry 
The plates were all tested at the steel works, and ful 
filled the requirements of both Lloyd's Register and the 
Board of Trade. | find from our survevor’s report 


PLATES. 
PARKER,* 


| that the sample from the particular plate which failed, 


which was 1/4 in. thick, stood a tensile strain of 29°6 





BURY. 


tons per square inch, with an elongation 
cent. in a length of 8 in., while strips cut from it were 
bent almost double cold. In fact, the material appear- 
ed, from the mechanical tests applied before it left the 
steel works, to be in every respect suitable for the pur 
pose for which it wasintended. One remark, however, 
may here be made, namely, that the plate in question 
was exceptionally large and heavy, viz., 20 ft. long, 5 
ft. 6 in. wide, and 1¥ in. thick, weighing about 2 tons 
16 ewt. 

This material was built up intoa boiler by a com- 
pany who have had an unusually extensive experience 
in the manipulation of steel, having turned out no fewer 
than 175 boilers of this material. The plates were 
treated precisely as other steel plates have been treated 
in the same works, and with all the appliances which 
experience has shown to be necessary; all the holes 
were drilled, and the plate was then heated in a fur- 
nace and bent to the required curvature in a pair of 
powerful vertical rolls inthe usual manne® Under 
the cireuinstances it appeared at first sight astounding 
to find the material tearing under a pressure which 
represents a strain of 6°7 tons per square inch only, or 
less than one-fourth of the strain which the original 
sample withstood. In addition to this, the appearance 
of the fracture indicates that the plate did not possess 
any duetility, stretch, or elongation whatever. Neither 
the steel makers nor the boiler maker have as yet af- 
forded any satisfactory explanation of the occurrence. 
It is without doubt a most serious affair, especially in 
view of the high pressures which have now me so 
common. 
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On héaring of this accident the committee of Lloyd's 


plate was made, and rolled at one heat down to 3¢ in. 


held about six gallons of bichromate solution. The 


Register instructed me to investigate the matter, en-|in thickness. This material, had it been rolled down | screw made 180 revolutions per minute, the motor mak- 
deavor to ascertain the cause of the accident, and, if| to 1¥ in. plate, judging from the carbon it contained | ing 1,800. A large rudder p ayed an important part in 


possible, recommend some measure to prevent such an 
occurrence in the future. My investigations were only 
completed last Tuesday, and as such a serious matter 


and the tests of the broken plate, as well as the yes 
of the steel makers, would have had a tenacity of from | 
| 30 to 34 tons per square inch. It was found, however, 


maneuvering the machine. Too much has, we think, 
been made of these experiments. History repeats it- 
self in ballooning as in other things, and the employ- 


as this, which bears upon the safety of life and property | that when rolled down to 14 in. thick its tenacity was | ment of electricity as a motive power shows how close- 


at sea, must naturally give rise to no little speculation 
among engineers and steel makers, and has already 
produced great consternation in many quarters, I have 
taken this opportunity of laying before you a short 
statement of the facts as they have come before me, the 
results of my investigations, and the conclusion which 
I have arrived at, with a view of eliciting from the 
various steel makers and users here the benefit of their 
views and experience. Upon my visit to the boiler 
making works | was fortunate enough to find a sister 


increased to from 35 to 41 tons per square inch, with 


| an elongation of from 21 to 24 per cent. in a length of | 
|8 in. Other pieces were made hot, and quenched in} 
| water. These, when tested, broke at a tenacity of 
| from 44 to 45 tons, and had, practically speaking, no 
stretch at all. Pieces were cut from the fractured edge 
of the plate, as shown on the diagram, and subjected to | 
tensile, bending, and temper tests. They showed a| 
| tenacity of 33°5 to 34°2 tons per square inch, but they | 
stretched only 13 and 16 per cent., and broke with a 


ly men have followed a beaten track in this depart- 
ment of mechanics. In early ages, when men knew 
naught of any power but that of animals, flight was to 
be effected by means of our muscular strength. No 
sooner had the steam engine become a practical ma- 
chine, than it was enlisted by the aeronaut. 

The storage battery has scarcely become a market- 
ble commodity, and flight is to be accomplished by its 
means. If some new agent or motive power were to be 
introduced to-morrow, it also would be resorted to by 


boiler to the one which had burst, ready for testing. | crystalline fracture, as will be seen by the specimens | those who seek to sail in the air. It is time, we think, 


This boiler was tested in my presence to 300 Ib. per 
square inch, and was carefully measured and gauged, 
and found to show no signsof deflection or yielding. 


pesteees. They bent cold to a considerable degree, | 
yut when made red hot, and quenched with water, in- | 


that all such projects should be looked at from a com- 
mon sense point of view; that is to say, from the point 


1| stead of bending, as pieces of a thin plate of similar) of view of sensible, intelligent engineers; and this is 


also ascertained from an examination of the testing - tenacity and ductility would do, they broke under the | the more necessary because we believe, first, that the 


pliances that an abnormal pressure could not possibly 
lave been exerted at the time of the testing of the first 
boiler. 

Seeing that the plates that broke had stood all the 
mechanical tests required before leaving the steel 
works, and that when worked into the form of a boiler 
shell it gave way at less than one-fourth of its original 
strength, it appeared at first sight that the plates had 
been in some way injured, or had undergone some ma- 
terial change from the time they left the steel works 
until they were riveted into the form of a boiler shell; 


therefore it became necessary to look carefully into the | 


mode of manipulation of the plates in the boiler shop, 
and especially the heating and bending of them. One 
of the plates was bent in my presence. It was heated 
in an ordinary plate furnace, but when taken out was 
far from being of a uniform heat; the end of the plate 
near the door of the furnace was at a black heat, which 

radually increased toward the other end to a dark red 

eat. Then the plate was turned end for end and again 


placed in the furnace, with a view to heating it so far| 


as possible uniformly, but when again drawn out of 
the furnace it was seen that the heat was not at all 
uniform, one end being of a dark red or nearly black 
heat, which gradually cooled down to a blue heat at 
the other end. In this condition it was passed through 
a set of powerful vertical rolls, and bent to the required 
eurvature. 

The plate passed through these rolls six times, and 
by the time the operation was completed one end of 
the plate was quite cold, while the other end remained 
at a blue heat. It was thought that this unequal heat- 
ing of the plate may have set up in the body of the 
plate excessive strains of a dangerous character, and 


that these strains were aggravated by rolling the plate | 


at a dangerous heat, it being well known that the duc- 
tility of all steel becomes lessened when worked at a 
blue heat, and it is, I think, generally admitted that it 
is far safer to work steel cold or red hot than at any 
heat between these two points. Steel plates, and es- 


vecially large ones, must be injured by such treatment, | 


but as to the intensity of the strains set up, or their 
exact locality, nothing definite can be said. To ascer- 
tain the nature of the material as it stood, test pieces 
were cut from the fractured plate, both close to the 
fracture and apart from it, and subjected to tensile test 
at one of Lloyd's proving houses, with the following 
results, which the engineers have kindly communicat- 
ed to me: 
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From these tests it appears that the proved tenacity 
of the plate ranges from 29°5 tons to 33°1 tons, while the 
elongation ranges from 21°8 per cent. to 281 per cent. 


ina length of 8in. I may say that I corroborated | 
these tests by others made from the same plate for my | 


own information in London—the positions of these 
test pieces are shown on the diagram—and they were 
also corroborated by other tests made for the informa- 
tion of the steel makers. This range of about 4 tons in 
the tensile strength of a plate of homogeneous metal 
like wild steel is very unsatisfactory. I obtained 
samples of the plate, and submitted them to five emi- 
nent and independent metallurgists, who have kindly 
furnished me with the results of their chemical an- 
alyses, which are as follows: 


Carbon. Silicon. Salphar. Phosp. Manganese. 
0°36 0°015 0°055 0087 1°050 
0°27 0-016 0044 0076 O'641 
0°33 0°010 0°038 0°065 0°612 
0°30 0-018 0-044 0°063 0°648 
0°26 0°005 00°38 0°067 0°650 


The most striking feature in these analyses is the 
large proportion of carbon shown to exist in the plate. 
It is particularly high for boiler plates. Material used 
for thin plates, say from 44 in. to ¥ in. thick, to stand 
the same mechanical tests as these thick plates 
did, would not contain more than from 0°15 to 0°18 of 
carbon ; and these facts led us to further experiments. 
In view of the great difference in the amount of carbon 
required in steel for a thick plate and a thin one to 
stand the same mechanical tests, it was deemed desir- 
phe to make an experiment which would determine to 
What extent work in the shape of rolling, and espe- 
cially rolling thin plates, which during the latter part 
of the operation must of necessity be rolled, compara- 
tively speaking, cold, affected the tenacity and duc- 
tility of the material. A slab of steel containing about 

same amount of carbon as the plate that ruptured, 
viz., 0°33, was obtained at the steel works where the 


| first blow of a hammer without any bending whatever. | 
| The material was so high in carbon as to take a temper 
and become quite hard and brittle. Further cold | 
| bending tests were made from pieces of the broken | 
plate, both before and after being annealed ; those 
which were tested before annealing bent fairly well, | 
strips ¥ in. square bent to an angle of 49 to 61 deg., the | 
fracture showing a considerable amount of alteration 
in form ; while those pieces which were tested after an- 
nealing bent much better, in fact, almost double. 
Strips, however, that were heated and quenched in 
water broke short without any bend whatever at the 
first blow of a hammer, and thus corroborated the pre- 
vious experiments made in London. These experi- | 
ments point to the fact that the plate which gave way 
must have become partially tempered by the heating 
and cooling to which it was subjected for the purpose | 
of rolling it into its cylindrical form. The heating not 
having been uniform, the tempering could not have | 
| been uniform, and the variations in the temper no| 
doubt have caused the variations in the strength and | 
ductility shown by the different parts of the plate. | 
The hardest part of the plate yielding less than the rest 
became naturally more strained, and hence the plate 
tore at its hardest part at a pressure only a small frac- 
tion of that which it would have borne if its yielding 
had been uniform. 

Having thus placed before you the nature of this ac- 
cident, and the steps taken with the view of unravel- 
ing the supposed mystery, [ now venture to state 
what inferences may, in my opinion, be drawn frow | 
the results of the investigation. I think it will be ac-| 
knowledged that a material which is so high in carbon 
as to take a temper and break short as described, even 
if it possesses high qualities of tenacity and ductility 
before being tempered, must be looked, upon as unreli- 
able and altogether unsuitable for use in marine boil- 
ers. It would appear that the desire to obtain high 
steam pressures, and to use steel of a higher tenacity | 





| consistent with a large amount of ductility, has caused | 


the marine engineering world to unknowingly drift 
into using a material of an unreliable and unsuitable 
character for the shells of marine boilers, more espe- 
cially when the usage which such plates receive in heat- 
ing and bending is considered ; for except among steel | 
makers it does not appear to have been generally 
known that the thicker a plate is the more brittle and 
erratic in its behavior it must become, as compared 
with a thin plate made to stand the same mechanical 
tests as far as tenacity and ductility are concerned, as, 
otherwise, I feel convinced that the increase in tenacity 
from 29 to 32 tons for thick boiler shells would not have 
been advocated. So far as I am concerned, and the} 
Society which I represent, I may say that it has always | 
been our endeavor to discourage the use of steel of | 
hizh strength. The rules of Lloyd’s Register require | 
boiler plates to have a tensile strength of from 26 to 30 | 
tons, and have done this from the commencement of | 
the use of steel, because we felt that the higher the te- | 
nacity arrived at the more likelihood there would be of | 
the plates giving trouble, and our whole desire has | 
been to keep the material mild. We have, however, | 
had considerable pressure brought upon us by manu- 
facturers and engineers to allow a strength of 32 tons 
per square inch for thick boiler shell plates. This acci- 
dent and the investigations which have followed clearly 
point out that engineers have been drifting toward 
the use of an unreliable material, or at all events a 
material which is too near the verge of danger to be 





pleasant, a state of things that should not exist with 
|steam boilers. I would therefore urge, in order to 
remedy this growing evil, that the tenacity of steel 
plates for boiler shells—which are becoming thicker 
| every day—should in no case exceed 30 tons ; and that 
|a temper test should be insisted on from every thick 
| plate, and the practice of using enormously large plates 
| should be discouraged ; while more care should be ex- 
ercised in uniformly heating and bending these plates. 
| I have conferred with the principal steel makers in the 
kingdom on this subject, and am able to say that they 
agree with me, and are decidedly of opinion that steel 
| plates over an inch in thickness, and having a tenacity 
| of more than 30 tons, must contain so much carbon as 
| to render them unsuitable for boiler-making purposes, 
although they may possess the necessary tenacity and 
ductility to withstand the usual tensile and cold-bend- 
ing tests. I venture to hope that this paper will be 
made the subject of a discussion, with a view to ob- 
taining further opinions respecting the important 
points in question. 








AERIAL NAVIGATION. 


DURING the last year a good deal has been said and 
written and something has been done in the matter of 
aerial navigation. A certain qualified success has been 
obtained in France under exceptionally favorable con- 
ditions by MM. Tissandier. On the 29th of September 
the Tissandier balloon made a trip near Paris which 
demonstrated that a balloon could be steered and pro- 
pelled in a very high wind. The entire weight of the 
machine, including ballast and passengers, was about 
114 tons. The balloon was shaped somewhat like a 
cigar, 90 ft. long and 30 ft. in diameter. It was inflated 
with hydrogen. A 10 ft. serew was caused to rotate by 
a Siemens motor, which was put in action by large 








bichromate batteries, four in number, each having six 
cells, with eleven carbons and ten zines. Each ce 


navigation of the air ntay not after all be impossible— 
who, indeed, can say what is and is not impossible in 
physical science ?—and, secondly, because it may be 
easily shown that no sufficient success can be achieved 
by the aid of balloons and serew propellers, electrical 
engines and such like. As this is simply a question of 
facts and figures, it will not be difficult to make our 
meaning quite plain. 

It may be taken that, in round numbers, 13 cubic feet 
of air weigh 1 lb. when the pressure is 14°7 lb. on the 
square inch. The weight of a cubie foot of air is 0°0761 
Ib. A silk balloon, 100 ft. long and 30 ft. in diameter, 
with conical ends, would have a capacity of about 
60,000 cubic feet; less if the balloon were cigar shaped. 
Ow = 4,615 Ib. One 
pound of ordinary illuminating gas has a volume of 30 
eubie feet; consequently, our balloon filled with coal 
“0” — 9,000 Ib., and 4,615—2,000= 
2,615 Ib., and this represents the buoyancy of the bal- 
loon; from this is to be deducted the weight of the silk, 


Now 60,000 cubic feet of air weigh 





gas would weigh 


| the net, ete. It will beseen that the margin left for 


passengers and machinery is small. Let us suppose 
that the balloon is increased to the enormous dimen- 
sions of 200 ft. long and 60 ft. in diameter. Then its 
capacity would be increased eight-fold, and it would 
lift 2,615 x 8=20,920 Ib., or, say, a little over 9 tons, De- 
ducting the weight of silk, cord, car, ete., it may, per- 
haps, be assumed that we should have left five tons 
available for passengers and motive power. If we 
deduct a ton for passengers, we have four left for 
machinery. We have next to see what this machinery 
would have to do. 

It will be at once conceded that for ordinary pur- 
poses of locomotion nothing can be better than a rail- 
way train unless it be faster, and one of the favorite ar- 
guments used by those who advocate aerial locomotion 
is that we should be able to move by its aid with much 
greater celerity from place to place than we do now. 
If, on the contrary, we are told that great speed is not 
aimed at, then the navigable balloon can be only of very 
limited utility. It would be of service in time of 
war, and might be used for purposes of exploration— 


|like that inJules Verne’s celebrated story, which, 


however, was not navigable; but if aerial a is 
to be confined to such purposes as this, it would Tarely 
be worth having at any price that could possibly be 
pee for it. Let us assume, therefore, that a speed of at 
east fifty milesan hour is demanded, by which the 
Atlantic could be crossed in seventy hours, or, say, 
three days, and Australia would be brought within 
ten days of our shores. If our navigable balloon moved 
in still air, it might encounter a resistance at fifty miles 
an hour of about 121b. per square foot of cross section. 
It may be argued that by having pointed bows this 
force would be diminished. We may concede this, but 
it must be borne in mind that the surface frictional re- 
sistance would be enormous. It has been shown, in- 
deed, that in the case of railway trains it is their bulk, 


| not the area of end advancing through the atmosphere, 


that measures their resistance. We are, perhaps, not 
far from the mark, we believe, when we estimate the 
resistance of such a balloon as that of which we are 
speaking, namely, 200 ft. long by 60 ft. in diameter, 
at 28,000 Ib. A speed of fifty miles an hour is equal to 
4.400ft. per minute, ana =4,036 indicated 
horse power. We can see no way of escape from this 
conclusion. It may be pointed out that a large ship 
ean be driven across the Atlantic at twenty miles an 
hour with this much power, but it must not be forgot- 
ten that the resistance both in air and water increases 
in an enormous ratio with the speed. Ifwe were con- 
tent to drive our balloon at twenty miles an hour, 
the resistance would not exceed two Ib. per foot, 
and the power required would be about one-fifth of 4,000 
horse power, or, say, 800 indicated horse power. Again, 
a volume of water of 60,000 cub. ft.—that of our balloon 
—would weigh no less than 13,368 tons, and a ship with 
this displacement would require over 20,000 horse pow- 
er to propel her at twenty miles an hour. 


It requires no very brilliant engineering attainments 
to demonstrate that it is reas | impossible to get 800 
indicated horse power, or anything like it, out of a 
weight of machinery of only four or five tons. The 
thing is a physical impossibility. It appears, 
therefore, that the most that can be done consists in 
providing mechanism by which the course of a balloon 
may be modified. Thus, if the wind were blowing due 
east, then it is, we believe, quite possible to make a bal- 
loon pursue a course a few points tothe north or south 
of east. Itis also possible to produce motion at a very 
moderate velocity ina calm. Thus at five miles an hour 
the resistance to motion would be quite insignificant. 
We have made no allusion of any kind to the effects of 
storms, although they would have to be reckoned with. 
If itis proved to be impossible to take up power 
enough to propel a balloor *i a dead calm faster than 
an ocean steamer, then navigable balloons can be of no 
practical utility whatever, save, as we have already 
said, for exploring pase, when time is of no value 
in one sense. On the other hand, it must not be for- 
gotten that the longer the time during which the ma- 
chine is in motion, the greater the store of fuel, or its 
equivalent, that must be carried, ‘other things being 





ll equal, and for this reason a machige which would only 
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move, say, atten miles an hour might be quite useless 
for exploring purposes. For example, unless a navi- 
gable balloon could carry power enough to last, say, 
six hours, it could not be employed to survey an 
enemy’s country to any extent. t may be taken as 
demonstrable that it is impossible to do anything in 
the way of general aerial navigation with balloons; are 
we then to assume that flight through the air is an im- 
possibility for man now, and must always be so? Our 
reply is in the negative. At all events, it is a patent 
fact that navigation of the air is ee ry by 
living creatures without muscular effort. f we can 
only ascertain how this is done, then flying may be- 
come possible to man. We refer, of course, to the soar- 
ing of birds on extended wings without effort of any 
kind. Weare at present in much the same position as 
a man who sees from some distance another riding a 
bieyele; the rider we may suppose, furthermore, to 
speak in an unknown language, and consequently to 
be entirely unable to explain to the looker-on how the 
thing is done. If the albatross could explain by what 
knaek it could float for hours together without flap- 
ping a pinion, or if the crane could explain how it 
circles its way heavenward without effort, flight would 
probably become an easy thing to man; but as we have 
no means of learning save direct observation and ex- 
periment, it would be well, we think, that experiment 
took a new departure, and that aeronauts broke 
ground in a novel direction. What this is we may now 
proceed to explain briefly. 

We published some monthsago letters from Mr. Lan- 
easter, on the flight of birds, which letters were of the 
most suggestive character. Residing in Florida, he 
possessed, for reasons which he fully explained, admir- 
able opportunities for studying the mode of flight of 
certain soaring birds, and he arrived at a conclusion, 
the accuracy of which admits of no dispute, viz., that 
these birds can fly in a steady breeze without flapping 
their wings in any way, and accordingly without 
muscular effort. If this proposition be accepted as 
true—and we hold it to be, as we have said, indisputable 
—then the next step is to ascertainto what law of 
ymneumaties there flight is to be credited. Mr. Lancaster 
1as already made some experiments with limited means 
and a fair measure of success. Recently he has written 
to us again on the subject. He informs us that he is 
now once more in a position to push on his investiga- 
tions, but before doing so he desires to have some ex- 
pression of opinion from scientific men as to the proba- 
ble accuracy of his views on the subject. He has writ- 
ten a paper setting forth these views, which is, we re- 
gret, too long for our pages, but we can, we think, make 
his theory clear without oecupying too much space, 
and this we propose to do here. 

Let it be assumed that a steady breeze is blowing in 
the direction of the arrows in the accompanying dia- 
gram, Fig. 1. On this breeze let us suppose that a flat 
board, whose section is shown by A, is supported. The 
effort of the breeze to carry this board along with it 
will be measured by the friction between the air and 
the board, and by the vertical area of resistance shown 
by the line, 8, whichis the sine of the angle B C D. 
The angular position of the board will deflect the 
breeze downward, and cause a reaction or pressure 
underneath, tending to lift the board up. The breeze 
above the board will be intercepted, and there will be 


la negative or reduced pressure on the upper surface 
| throughout its whole region, as denoted by the dotted 
| arrows. The air at the end, B, of the board will tend 
to rise, and rush upward into the partial vacuum, and 
| in doing so will urge the board forward, as shown by 
the small radial arrows. That the board can be car- 
ried in the air this way is proved by the common paper 
kite. If, now, the pressure of the breeze at B—that is 
to say, at the weal stern of the board—was greater 
| than the combined pressure and friction of the breeze 
driving the board astern, then the board would 
advance against the breeze, and sail so long as it kept its 
balance, just like the kites, cranes, or albatrosses, and 
the problem of flight would be solved. Provided man 
could learn to keep a flat plane beneath him balanced, 
)as a bird does, he too could fly against a steady wind. 
The question Mr. Lancaster asks is simply, Can the 
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pressure in the rear be made more than enough to com- 

vensate for the driving astern pressure in front? He 
1as himself more than answered the question up to a 
certain point, because he has actually, he states, suc- 
ceeded in making plane surfaces fly unaided against 
the wind for considerable distances; but the question 
may be considered from a theoretical as well as a prac- 
tical point of view. 

The late Mr. Froude showed that the whole resist- 
ance offered by a homogeneous fluid to a body moving 
through it consisted in skin friction and the production 

| of eddies. In other words, the water closing in round 
| the stern of a ship tends to drive her forward precisely as 
much as the driving ofthe water outward by the bows 
tends to keep her from going ahead. Thus, then, the two 
| forces balance each other. Let us suppose that Fig. 2 
represents the bows and stern of a ship, right lines be- 
ing used instead of curves, that the angular action may 
| be clearer. Here it is evident that the retarding in- 
| fluence of the outstreaming water, as shown by the ar- 
rows, at the bows, B, is compensated for by the accelera- 
! ting influence of the in-streaming water at thestern, as 
| shown by the arrows at 8. The flat sides of the craft take 
no part in the conflict. The resistance to be overcome is 
simply that due to friction along their straight sides. 
Now, if a similar proposition holds good of an elastic 
fluid, such as air, it will be seen that the driving astern 
pressure or effort due to the sine, 8, Fig. 1, will be com- 
pensated for by the action of the stern, and equili- 
brium will result. The float we have sketched would, 
so long as it retained its balance, remain in one place. 
! We have, however, the friction yet to account for, and 











it is clear that the stern action must be sufficient to 
compensate for this, as well as balance the stress on 
the bows, so to speak, or there can be no advance. Is 
it possible so to construct a body that the required re- 
sult will be obtained? So far as can be seen, birds are 
so constructed, and we may add that Mr. Lancaster's 
own experiments tend to prove conclusively that the 
problem can be solved. 

An investigation of this problem can, we think, hardly 
fail to prove interesting to our mathematical readers, 
and to them we commend it, contenting ourselves with 
repeating that Mr. Lancaster's propositions appear to 
be worthy of the most careful and attentive consid- 
eration by those who do not believe that we already 
know allthat can be known about everything. The 
enunciation of Mr. Froude’s proposition created a great 
deal of surprise, because it was a wholly unexpected re- 
sult of experiment and mathematical investigation. It 
was, in a word, adiscovery. It is not at all impossi- 
ble that the world is on the brink of a cognate discov- 
ery concerning aerial navigation.—TZhe Engineer. 
CONSTRUCTION OF THE WHARF WALLS OF 

THE NEW FLOATING DOCK AT HAVRE. 

Peculiar Conditions under which the Work had to be 
Effected.—The west basin of the new dock at Havre 
was to be 1,440 feet in length by 720 in width, and the 
wharves to be 4,135 feet in extent. Two-thirds of the 
latter had to be constructed in the mouth of the Eure 
upon ground covered with from 6 to 15 feet of water at 
high tide. As they had to be founded 3°28 feet beneath 
the future bottom of the basin, the opening of a trench 
nearly 25 feet in depth by ordinary methods could not 
be thought of. Such a trench, which would have been 
filled with sea water twice every twenty-four hours, 
would certainly not have stood, and it would have 
been almost impossible to pump it out in the space of 
time comprised between the running out and in of the 
tide. For this reason it was decided to employ masonry 
wells in the construction of the walls, as had been done 
previously at Bordeaux and Saint Nazaire. The homo- 
geneous nature of the earth, moreover, which is formed 
almost entirely of a stratum of compact clay, justified 
the use of this process. 

Dimensions of the Walls.—The walls were constructed 
of a series of blocks, 32°8 feet long by 22 wide and 26°2f 
high, containing a well in the center, which widened 
out at the bottom. A first series of wells was in the 
first place constructed, and a space left between each 
block for a second. The intermediate wells were not 
undertaken until the first had reached the proper 
depth. The object of this precaution was to prevent 
the sinking of one block having any effect on its neigh- 
bor. The space reserved between the contiguous blocks 
was uniformly 3°28 feet. 

The Order followed in the Construction.—The sink- 
ing of the wells was regularly conducted as follows: 
The masonry, which was formed of rubble cemented 
with a mortar made of 880 pounds of Portland cement 
to 35 cubic feet of sand, was first built to a height of 
14°75 feet. Thirty days after this the earth was re- 
moved from the interior, so as tosink the block entirely 
in the ground. This first operation finished, the ma- 
sonry was built to its definite height and then left to 
itself for twenty days, in order to harden. Then the 
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Fig. 1.—Sinking the Blocks (First Operation). Fie. 2—Second 
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tion. Fie. 3.—Block Broken while Sinking it. F1a. 4.—Transverse and Longitudinal 
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operation of sinking was begun again, and continued 
until the bottom of the block reached the level selected 
for the foundation. Finally, the well was filled with 
beton. The number of wells constructed in this way 
was 84, representing a total amount of masonry of 
1,589,400 cubic feet. The construction of the first well 
was begun April 16, 1881, and the last was finished 
March 20, 1854. 

According to the project, the blocks were to have 
been established upon frames formed of three courses 
of beech planks, having in plan the same dimensions 
as the masonry; but, as experience had shown at Saint 
Nazaire that blocks without frame behaved exactly 


like those with one, it was decided to lay the masonry | 


upon simple planks. 

Out of the 84 blocks, only one broke during the 
course of sinking it, and the accident in this case arose 
from the block not having been allowed to harden long 
enough. It became necessary to make an excavation 
in front of the block, destroy the portion that had 
become detached, and to reconstruct that part (Fig. 3). 

Pumping Oui the Water.—The pumping of the water 
from the wells was under the charge of the contractors. 
During the first period of sinking, the apparatus em- 
ployed were simply Letestu pumps worked by manual 
power—eight men toa pump (Fig. 1). Thanks to the 
impermeable nature of the ground, when once the well 
was empty it remained so during the entire duration 
of low tide. But the same process was not applicable 
to the second period of sinking, not only on account of 
the time it took, bu. also to the height of the suction. 
The contractor therefore decided to have recourse to 
small centrifugal pumps, with vertical axle, actuated 
by a three-cylinder Brotherhood engine. The entire 
affair was mounted upon a wooden framework in the 
interior of the well (Fig. 2). Steam was furnished by a 
generator placed upon a flatboat moored alongside of 
the block. 

Removal of the Excavated Material.—The excavating 
was at all times effected exclusively by manual labor. 
The number of men employed at a time was usually 
four. They began by making an excavation in a verti- 
eal direction, and finally extending it under the block. 
No particular precaution was taken to secure an exactly 
plumb sinking of the blocks. 
one side, the workmen were shifted to the opposite side. 
The excavated earth was shoveled directly into a 
wooden bucket, which was at first hauled up by a 
wooden windlass affixed to the top of the block. 


windlasses were eventually replaced by steam ones. | 


The earth was emptied into punts, which dumped it at 
high water at a minimum distance of 110 feet. 

In short, this process of building foundations by 
means of masonry wells sunk in open air has been a 
complete success In the construction of the new floating 
dock at Havre. This success is due to the proper pro- 
yortion observed between the length and width of the 
Piocks, to the use of Portland cement for constructing 
the niasonry; and to the strict observance of the rule 
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lto allow a certain amount of time for the mortar to 
set. The mode of sinking employed was more eco- 
nomical than the use of compressed air would have 
been. 

DESCRIPTION OF FIGURES.—a, steam generator; b, 
steam windlass; c, centrifugal pump; d, direct-acting 
centrifugal pump; e, hand windlass; J, punts. 


LIGHT DRAUGHT FAST SCREW LAUNCH. 


THE boat in question was built last year by Messrs. 
Thornycroft & Co. to the order of Messrs. Allen, An- 
derson & Co., of Alexandria, for the use of the direct- 
ors of the Societe d Irrigation dans le Behera, and 
was intended principally for running on the Nile from 
the nearest railway station to the irrigation works, a 
distance of forty-five miles. The problem was how to 
do the journey, including the railway traveling, in 
one day, allowing time also for transacting business. 
As the maximum draught was not to exceed 18 inches, 
it was evident that an ordinary propeller would re- 
quire too great a draught, and the purchasers objected 
to paddle-wheels as not being sightly on a small boat. 
It will be seen by the following particulars that the 
question was very effectually solved by the use of the 
guide blade propeller. 

The length of the boat was 56 feet 8 inches long by 7 
feet 8 inches wide. She has a cabin forward, and there 
isa long open well aft, as may be seen by the illustra- 
tions. There are a pair of ordinary simple engines of 
| the well-known Thornycroft pattern, with cylinders 644 
inches in diameter by 8 inches stroke. The slide valves 
are balanced in the manner introduced by Mr. Donald- 
son, and which has been already illustrated in these 
columns. The boiler is of the usual locomotive marine 

type, such as is used in the second-class torpedo boats 
| built by this firm. The following are some of the 


| principal elements of the boat and machinery : 

Ft. In. 

DIE EE WES 66 beeen sc acbh- aaa baa eies ur 568 
NII. scar giana hn tintin neice did nate decmakiat oo ae 

Draught of water on trial, forward...... 11% 

% a a: ees ee 
i ESI Pee Pe Tee 67 tons. 


Height of tip of blade of propeller 


above normal water line with boat 
at rest on trial draught.......... 5% inches. 
| . Cwt. Qr. Lb. 
Weights on board at trial (coal) ....... 3 2 0 
Fourteen men............-. ae 20 0 0 
Total 23 2 0 
Engines : 
Diameter of cylinders . 64g inches. 
OPO sk oacbibebe ce die ‘ - - 
Number of main bearings 3 


Length and diameter of jour- 
nals 


4'¢ in. by 244 in. 








Length and diameter of crank 


pin journals. ........... 3%¢ in. by 244 in. 
. gun metal 
Material of bearings... . - with white 


( metal liners, 
Point of cut-off with link in full 





ed en a Al edgy . 0-72 of stroke. 
Diameter of propeller.......... 20 inches. 
Boiler : 
Barrel of steel, fire-box and 
tubes of Lowmoor iron. 
CE 6 ban nckevnasqeuneres 6°7 sq. feet. 
Number of tubes................ 170 
\ | a eee 6 
Diameter of * SY sale ital alia 14 inches, 
Heating surface : Fire-box...... 18°5 sq. feet. 
| RS 225°5 4 
I cae neil aaa a «+0. 2440 
The following figures show the distribution of 
weights according to the original estimates. These 


worked out accurately within a trifling difference : 





Tons. 

ee oe ae BP ant ea os 1°59 
‘a (cel ss Gale ke levee Van ue ve 0-58 

a I So ahha oc tae’ con Ge ee 

“ boiler and water. ............... 2°80 
5°69 


The following is a copy of the official report of the 
trial trip : 




















} Revolutions of 2 . " 
x Engines, E wh 
z ets z gee 
= Per - wet 
= Per 2 eae 
5 = Minute. 2 3 ; 
i Tate Ee } 
| Ib. min. sec, 
1 134 938 527 1 49 16°514 
18° 202 
2 134 797 528 1 30% | 19°890 18° 339 
{ 18° 476 | 
3 135 929 527 | 1 45%¢ | 17°062 18°559 
| | 18°643 | 
| 4 135 789 530 1 29 20°224 
Boye 2 | S68 528 |True mean speed. 18°449 
| 





Engines in full gear and stop valve full open. 


The mean indicated horse-power developed was 102 
on above trial. 

In the illustrations herewith, Fig. 1 is a_ profile, 
Fig. 2 a plan, Fig. 3 a section through the cabin, and 
Fig. 4 a section just abaft the propeller. In the latter 
view the shape of the prolongation of the boat aft is 
shown, together with the casing inclosing the screw. 

| The engraving, Fig. 5, istaken froma photograph, and 
| shows the general arrangements of the guide blade pro- 
peller.—Engineering. 








OLIVIER’S MATHEMATICAL REEL. 


ABOUT a year ago the Societé d’Encouragement 
awarded one of its highest prizes to an apparatus in- 
vented by Mr. Louis Olivier for reeling threads of all 
kinds and numbering them with accuracy. After 
constructing various forms of the apparatus, the in- 
ventor definitely adopted the one which we figure 
on next page. 

The ratio that exists between the length and weight 
of a thread constitutes its number. In spinning mills 
the two terms of such ratio are given by a special ma 
ehine that makes known the length of the thread and 
scales that give the weight of the length measured. 

The ordinary apparatus designed for this work con- 
sists of a reel upon which the thread winds. If the reel 
be a cylinder, the distance passed over by any point of 
its surface is evidently obtained by multiplying the 
circumference of the base by the number of revolutions 
that it makes around its axis. Up to the present, man- 
ufacturers have been content to accept thisas the length 
of the thread wound. Thus an evident error is com- 
mitted. In fact, in measure as the reel revolves, the 
thread in winding upon it »ecomes superposed, and 
this has the same effect as if the diameter of the reel 
kept constantly increasing. The extent of such error 
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is a function of two independent variables—the dia- 
meter of the thread and the length reeled. 
fabric is often made up of threads whose diameters are 
as 1 to40. Extremely unequal lengths are therefore 
wound, and yet the reel that winds them one after an- 


other makes in all eases the same number of revolu- | 


tions, and indicates the same measurement for all. 

On another hand, as the error increases with the num- 
ber of revolutions of the reel, it becomes necessary to 
operate with short lengths only, and consequently to 
repeat the operation several times in order to sample 
the same thread. 

Thus, manufacturers, with the present processes, 
must content themselves with an extremely variable 
approximation in the measurements indicated by their 
reels. The exact determination of the ratio between 
the length and weight of threads is a very important 
matter; first, because in properly made fabrics it is ne- 
eessary that the diameter of similar threads shall be 
exactly the same, and second, because spinners are 
paid, not at pound rates, but according to the length 
spun. 


to the weight and number of the thread delivered. 


buyer and seller. 


Such length is too great to allow it to be meas- | 
ered directly, and it is therefore calculated according | 
So |} 
it becomes the object of incessant quarrels between the | 
| tions made on the upper edges. 


' . . . . 
| ment and friction was considerably increased. Further, 


The same | with the older system the weft is beaten up when the | trouble. 


warp is closed, whereas with the open shed the weft is 
| beaten into the angle made at the fell of the cloth by all 


those top and bottom shafts of warp that at the time | 


may not be moving to change the pattern for the next 
|pick. It is contended by the advocates of weaving on 
this system that the blow required to drive the weft 


home must be inuch less by beating it in the angle made | 


when the warp is separatedjthan to drive _it home in the 
closed shed. They claim, therefore, that by working 
on the open shed principle tenderer warps may be dealt 
with. 

The machine, which we] now} illustrate in Fig. 1, is an 
improvement on the Keighley dobby, of the type in 
which the shafts are pulled down with weights or 
springs. The elements of the motion are illustrated in 

ig. 2, and any one, by comparing with a Keighley 
dobby, can seein what the improvement consists. This 
invention, and also the under motion, we should say, is 
due to Mr. Catlow, of the firm o f Messrs. Butterworth 
and Dickenson, loom mekers, Burnley. As will be seen 


from Fig. 2, each shaft has two of the parts d d to operate 


~, 


‘ 
< 


it, which is done by lifting them so that the knives, ¢ e, | 


which rock backward and forward, can catch the projec- 
In the Keighley dobby 


Mr. Olivier’s reel does away with the cause of the | these parts d d are governed by a single cylinder, and, 


error that we have just spoken of. The apparatus con- 
sists essentially of a large drum, A, and of a small reel, 
B, both of metal, placed horizontally, and so superposed 
that the axle of B is a little behind that of A. Owing 
to this arrangement, the threads pass over the surface 
of the drum, A, without slipping, and wind without 
abnormal traction upon the reel, B. The drum com- 
municates its motion to the reel by traction. The axle 
of the reel, B, is capable of rising vertically between the 
two prongs of a fork in measure as the thread passes 
over its surface. The velocity of its rotation is retard- 
ed proportionally to the thickness of the thread wound, 
while the revolution of A undergoes no variation. The 
length of the thread reeled is therefore equal, inch for 
inch, to the space passed over by any point whatever 
of the surface of the drum, A. . 

At every hundred yards of thread wound, the revolu- 
tion counter, C, gives a signal. Besides, a special re- 
gister inseribes the number of revolutions of the 
drum, A. 

The counter carries an eccentric that gives the 
thread a to and fro motion in order to distribute it 
better on the reel. The latter is provided with a mov-| 
able sector, 6, which is pushed into the interior in 
order that the finished skeins may be removed more 


therefore each lattice bar has to have two sets of pegs, 
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OLIVIER’S MATHEMATICAL REEL. 


The error due to the superposition of the thread is 
not the only one that the inventor has desired to sup- | 
press. In other apparatus of this nature there is an- | 
other one, which, though less important, is worth not- 
ing. According as the operator revolves the reel with 
more or less speed, the thread is more or less stretched, 
and this results in differences in the measurement of 
the lengths. The choice of the tension at which the 
thread is to be kept during the operation is entirely ar- 
bitrary. It belongs to chambers of commerce to de- 
cide this, not to a private individual. In the present 
state of things, what is important is that, whatever be 
the tension selected, the reel shall permit of its being 
kept constant. Such a result has been obtained by 
Mr. Olivier as follows: As the tension is a function 
of the velocity of the reel’s revolution, he has endea- 
vored to render the velocity uniform. To effect this, 
two signals are given the operator as soon as it tends to 
exceed that which is adopted as normal, one of them 
addressing itself to his sight and the other to his ear. 
The first consists in the uniform coloration of a drum, 
D, whose surface remains, on the contrary, divided 
into alternate red and green bands when the normal 
tension is not exceeded, and the second is a bell which 
is struck by small metallic pendulums, E, as soon as the 
tension increases. 

The figure shows the arrangement of the bobbins, 
k, k, k, for carded wool. The position of the supports 
is modified according to the nature and state of the 
products and the form of the skeins or bobbins. These 
accessory pieces, however, belong to the old reels also. 
What especially distinguishes the apparatus under 
consideration is less the details as a whole than the 
fundamental principle of construction.—Le Genie Civil. 


IMPROVEMENT IN LOOMS. 


THE system of weaving with the open shed seems, as 
as it deserves, to become more popular with manu- 
facturers, and several loom makers who some time ago 
did not make dobbies that worked on this principle now 
manufacture them. It was a most important step in 
advance when the Keighley firm of Hattersley and Son 
introduced a dobby that answered the requirements of 
the case. The adoption of this machine was very ex- 
tensive, and it came to be known as the Keighley 
dobby. The advantages of the apparatus may be said 
to be as follows as compared with the system of shed- 
ding from the center: The movement of the warp and 
healds is much less, because only that section or sections 
_of the warp is every pick moved from the top to 

bottom, or from bottom to top, as is desired to make 
the pattern, all the sections of the warp remaining 


| small plain rivet, is, we understand, a great source of 
We illustrate the pin or stud used in Fig. 
As will be seen, it is large and substantial, and pro- 
vides ample wearing surface. It is placed in position 
first of all in the jaw at joint, a, and the lever is then 
placed in the jaw with its. part on the two nicks shown 
jon the pin, a method at once simple, secure, and effect- 
| ive. 

The under motion is a useful arrangement for weav- 
ing strong and heavy goods, The dobby is not a_posi- 
tive one on the down stroke, the shafts being pulled 
|down by springs. With heavy sections of warp 
; these springs are searcely sufficiently strong. With the 
under motion however this defect is made up perfectly; 
the springs pull the shafts down a little below the 
center, when the lever of the under motion acts upon 
the ends of the bottom jack levers, and presses them 
finnly downward, the shed being then virtually the same 
as if made with a positive dobby. This motion has 
been found very useful for heavy weaving; if, however, 
the loom is engaged on light goods, when the tension of 
the springs is sufficient to form the shed, the motion may 
be put out of gear.—Tex. Manufacturer. 


| 3. 


THE PHILOSOPHY OF TWIST. 


Twist has been a mystery for all time. We have 
' known its value and use, but what it was we did not 











Fie. 
IMPROVEMENT IN OPEN-SHED LOOMS. 


one to operate the top, and the other the bottom of the 
parts, and the ar ment also included needles and 
eavy ended levers. This fact of there being two pegs for 
one shaft was considered a drawback, the pegs had to be 
amade rather fine, and had to be placed very accurately 
in the lay. They were so fine that we understand their 
breakage was a tolerably frequent accident. In Mr. 
Catlow’s arrangement, however, as will be seen in the 
perspective view, he adopts two pattern cylinders, 
which completely overcomes the difficulty, and also 
allows him to dispense with the needles and heavy 
ended levers. By using two cylinders, one to act on the 
top, and the other on the bottom one of the parts. d d, 
the same number of pegs arerequired; but being in two 
lattice bars, they may be placed at twice the pitch as 
when only one cylinder is used. They may, therefore, 
be made considerably larger and stronger, and the 
certainty of their action is increased very greatly. In 
the arrangement under notice the pegs act on the slight 
steel springs, g, which, while it lifts the part into contact 
with the drawbar or knife, admits of every deflection. 





stationary at the top or bottom of the shed. The dura+ 


bility of the healds on account of the lessened mover 
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know. Philosophers have given it attention, and 
manufacturers have tried to explain it, and yet after 
all the question remains, *‘ What is twist?” We believe 
it was Evan Leigh that suggested that it was an 'appli- 
cation of the screw principle. In this he was certainly 
correct, but he failed to grasp the whole problem. 
Twist is yet the only practical method known of com- 
pressing fibers together so they will remain, and pro- 
duce sufficient strength to weave and resist the friction 
and the wear and tear of manufacturing. It seems to 
us that twist is an application of the screw principle, 
which, as applied in mechanics, produces an outward 
pressure. I is the same when used as a propeller. The 

ressure is outward, hence the propulsion of the vessel. 

he screw principle applied to form twist in yarn is just 
the reverse, and compresses, no matter whether it is ap 

lied to the fibers of nature or those produced by man 
From metals or other substances. The sharper the 
serew (twist), the greater the nee inward, and the 
smaller the thread or rope and the greater the strength, 
that is, to the extent of a natural twist. We make no 
woolen yarn without twist, for the simple reason that 
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we cannot make yarn without twist. We ‘could not! motive. The twist used may not be best for the cloth | of this branch, shown in No. III. If we measure a dis- 


draw it, and if drawn it would be simply wool drawn | as a fabric, but effect in this case is everything. There | tance fc =f! b (No. I.), and pull on the line at the 


out, without strength to weave. Then the fact of the! 
matter is, we put in twist to enable us to draw the 
fiber into a thread, and additional twist to gain strength | 
in the yarn and to produce effect. Felted goods are| 
made without yarn, but they are unsatisfactory except 
as carpets or for loose garments. Many devices have 
been invented and used to overcome the defect in plain 
felts, but all devices for this purpose have evel un- 
satisfactory, so far as men's fethinns isconcerned. Let 
us look over the field, and see if we cannot find out 
something about the twist in yarn and why it is put} 
there. We will commence with broadcloth, as it is the 
plainest cloth made, and answers our purpose best atthis | 
time. The object in putting twist into yarn for broad- | 
cloth is, first, iene us to make the yarn, and if the 
stock is good, and has been carefully manipulated, and | 
good oil used, we can then draw a good thread with very 








ALL WARP TWIST. 


little twist. But it must have twist enough to weave. 
When we get to this stage, we cannot consider what is 
best for the cloth alone; here the question of profit and | 
production interferes with our plans, and we must put | 
in a little more twist than our better judgment would 
dictate; but when these goods are woven on a hand 
loom, as many of them are to-day, we can have our 
own Way a good deal as regards the quantity of twist; 
and under these circumstances we will make our filling 
with very little twist, and depend on felting for 
strength. Aseach bobbin is woven wet we must be 
very careful, or using soft twist filling will cause the) 
loss of a good deal of time by breakage. If a hand 
loom weaver is paid by the day, and he is a careful 
Man, he can weave almost anything, for he handles his 
picking gear with a sensitive hand to propel a wheel 
shuttle, and can regulate his stroke to his stock. It is| 
then merely a question of wages with him. Broadcloth 
is woven from nine to thirteen quarters wide (99 to 117 
inches), and fulled up to 54 to 58 inches in width. Any 
manufacturer can readily see that to accomplish this 
we must dispense with every turn of twist possible, 
bearing in mind that we must have twist enough to 
leave the goods strong when finished, although they 
gain much strength in fulling. We have called your 
attention to the twist in yarns for broadcloth just 
enough to set you to thinking. Twist may seem a 
small matter to you, but in the past it has been matter 
enough to build empires. The arguments used for 
twist in yarns for broadcloth will apply with equal 
force to ** flannels” and * soft woolens ” for ladies’ dress 
goous, with this exception; for these goods the shortest, 





hee mf 
me aA 
~ AI 


MW, 


WWE 
Yj Mii y 6, 












2 


fi 


WARP AND FILLING TWIST. 
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is no pattern made that the twist best adapted for it 
should not be carefully studied, as much so as the pat- 
tern itself. 

We have argued, ever since we have studied twist 
and its effect, that cotton cloths, and even prints, 


| would be much improved in appearance, would absorb 


more coloring matter, hence be more durable, and 
would feel and wear better, if made with warp and fill- 
ing of reverse twist. This view is fully maintained by 
Mr. Robert Howard, who states that, ‘for fine goods, 
the filling is twisted contrary to the warp, occasionally, 


| to obtain a better and more nappy feel to the cloth.” 


There is much in manufacturing, beyond the senses 
of sight and touch, that is overlooked by manufacturers 
generally, and one of these is twist and its effect in dif- 
ferent classes of goods. The mind, aided by the micro- 
scope, will penetrate where thesight and feeling cannot, 
and will open up a new world to thinking man. Toillus- 
trate our meaning, we have had two engravings made, 
not imaginary ones, but from actual threads magnified. 
It would seem at'first thought that warpand filling made 
from one twist would be the most natural one; but we 
forget that we do not use them side by side, but at right 
angles with each other, entirely changing their nature 
and relationship to each other, as will be seen by refer- 
ring to illustration marked No. 1, where the threads 
cross each other at right angles, and the fibers also 
cross each other, but diagonally, which is the harshest 
possible contact. It ishard in every sense, hence it is 
the method we pursue when we make a threadbare 
fabric, such as * Birdseye,” and some other similar 
weaves. 


The second illustration, marked No. 2, is made from | 


yarn magnified as in No. 1, only the warp is warp or 
“right hand” twist, and the filling is filling or ** left 
hand” twist. It will be noticed that the twist in each 
case is precisely alike in quantity; hence at the crossiag 
the fibers are parallel diagonally, and will bed together 
when the filling is driven home, and this is the best 
possible method to make any goods that are to be felt- 


ed and havea cloth finish, such as broadcloths, kerseys, | 


ete. It is a common error to put much more twist in the 
warp to procure strength than is putin the filling, all 
of which approaches, in a measure, the unnatural cross- 
ing produced by using one twist for warp and _ filling, 
as in plate No. 1. 

In alpacas, silk warp flannel, delaine dress goods, 
and similar fabrics, where cotton or silk warp is used 
simply as a base or foundation, it makes little differ- 
ence about the twist in such goods, as the warp is cover- 
ed up entirely.— Wade's Fiber. 


INSTRUMENT FOR DRAWING 
AND HYPERBOLAS. 
By FrRepERIc R. Honey, Instructor in Descriptive 


Geometry and Drawing, Scientific Dept. Yale Col- 
lege, Lecturer in Perspective, Yale Art School, ete. 


ELLIPSES 


A PORTION of a blackboard with the instrument 
attached is shown at No. VII. The principle of its az- 
tion and the method of operating it are explained by 
referring to Nos. I.-VI. 

No. I. aisa barrel fitted with a light spring which 
tends to revolve in the direction of thearrow. Thetwo 
ends of a fine line are attachéd to the barrel, and the 
double line thus formed is wound roundit. The loop 
is passed through the eye. f, and then round the eye, 
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INSTRUMENT FOR DRAWING ELLIPSES, ETC. 








cheapest stock is often used and we gain little or noth-| fine eye. The two parts of the line are in the drawing | 
ing by fulling; consequently, we must look out for this | represented separately, in order to make the illustra- 
in the stock and twist of the yarn, for these goods are | tion clear. Practically they run together. When the 
made with the twist and not in the mills, as are Eng- | instrument is not in use, the line is kept tight, as shown 
lish broadcloths. in No. I. 

When we come to suitings and trouserings, there is| If, now, we take hold of any point, b (No. I.), of the 
where the scientific skill of the designer will most avail | line and pull it, as the barrel is made to revolve the two 
him, and he will find it all important, especially in du-| parts of the line will be paid out equally, one part 
plicating or imitating styles nade by others. yn such ; round the focus, f, and the other part round the focus, 
cases the twist in the yarn to be imitated should be} f'. The locus of the point 6 (No. II.) will be one-half 
carefully counted—that is, the number of turns per| of one branch of a hyperbola. It will be seen that 

h—tor a variation of but one or two turns per inch, | the focal distances R and r increase at the same rate, 


~0ints ¢ and c', the locus of these points (No. IV.) will 
ye the other branch of the hyperbola. If we bisect the 
distance f f' (No. I.), at the point d, and pull 
on the line at d and d', the locus (No. VY.) will be a 
straight line on which may be laid off the conjugate 
axis of the curve. 

To drawan ellipse (No. VI.), extend the line so that 
the point d is at the vertex of the conjugate axis. If 
the seribing point be made to slide on the line (the bar- 
rel being prevented from revolving), the locus is a semi- 
ellipse, for the sun of the focal distances is constant. 
Similarly, the other half of the curve may be drawn. 
| In No. VII. the barrel is incased in a shallow box, d, 
which is serewed to the frame at the blackboard or 
made adjustable. A Jight steel bar.a, is hinged at }, and 

when in use is supported at the other end by a hook, 
c. The saddles, fand ~', which carry the eyes through 
which the line passes, are adjustable to any point on 
the board, and may be set by means of the thumb 
screws at any distance apart. That is, the foci of 
the ellipses and hyperbolas are adjustable, and we can 
| draw curves as long as the length of the line which is 
| wound round the barrel will permit. 

| No. VII. represents cofocal ellipses and hyperbolas 
which are drawn with this instrument, all the hyper- 
bolas being normal to all the ellipses. 

In drawing ellipses a set screw, E, will hold the line 
at any desired point. 

For the drawing board the saddles, f and f', are 
made to slide on the blade of a T-square, and the bar- 
rel is incased in the stock. A T-square is thus made 

, available for drawing ellipses and hyperbolas. 

The crayon for the blackboard or the pencil for the 
drawing board is provided with a hook attached close 
| tothe scribing point. With this hook we can take 

hold of the line for drawing hyperbolas, and it can be 
made to slide on the line in drawing ellipses. 
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THE TELEPHONIC TRANSMISSION OF SPEECH 
BY DISCONTINUOUS ELECTRIC CURRENTS. 
By L. DE Locut-LABYE.* 


| AN experimental analysis of the working of the ham- 
mer telephone has led me to make a profound study of 
the complex phenomena of the telephonic transmission 
of articulate sounds, and I have reached the conclu- 
| sion that I formulated as follows in a preceding article: 
| Speech, like all sonorous vibrations,is transmitted tele- 
| phonically by a series of electric currents of very short 
| duration, that succeed one another without continuity 
upon the line terminated by a receiver. 
Despite the prestige exerted by the name of the cele- 
brated Boston professor (Bell), and the credit attached 
, 
ito the theory of undulatory currents through the 
jmerit of its author, it does not appear possible 
| to me that an enlightened and impartial reader can re- 
sist the mathematical precision of my reasonings and 
the rigorous accuracy of my deductions. 
In this study I rely exclusively upon the known ap- 
plications of electricity and uporfthe elementary prin- 
' ciples of mechanics. Kothing then, is subject to con- 
| troversy, and nothing can be contradicted. Should my 
conclusions give rise to criticism or objection, I should 
be happy to have the latter formulated. It is without 
any other desire than that of getting at the truth that I 
have prosecuted this work, and I shall therefore gladly 
accept every means that may be proposed for attain- 
ing such object. What is the precise meaning of the 
theory of undulatory currents? This is the way I un- 
'derstand it: The emission of speech in front of the 
flexible disk of the Bell telephone brings about undula- 
| tory motions thereof. These motions are the facsimé/e 
| of the sonorous waves of the air, that is, they have an 
| equal duration and like phases, the amplitudes alone 
| being different. These vibrations of the magnetic dia- 
| phragm in front of the poles of a magnet produce in 
the wire bobbins wound round the magnet in the 
vicinity of the poles continuous electric currents, the 
| progressive variations in which present a character 
| that is identical with the sonorous waves of the air, 
| and of the inflections of the diaphragm which are, so 
to speak, the continuation of it. 
| Forthis reason the electric currents have been de- 
| nominated wndulatory, by Prof. Bell, in contradistine- 
| tion to those that he calls impulsive and intermittent 
| currents, the production of which is swdden, and which 
| are discontinuous. 

In the telephone receiver under the action of the un- 
dulatory currents, the flexible diaphragm undulates in 
absolute concordance with the diaphragin of the trans- 
| mitter. The sonorous waves that result from this vi- 
| bratory motion all agree, in every respect, intensity 
| excepted, with the sonorous waves that were the ori- 
gin of its telephonic transmission. 

Prof. Bell’s theory may be enunciated, then: A per- 
sistence of the undulatory motion, without any altera- 
tion in the duration or form, in all the successive phases 
of the transmission of a sonorous vibration. 

Does this faithfully agree with the conception of its 
author? Here is how Prof. Bell expresses himself in 
the description of a patent taken out in England: 

“In this arrangement, the effect that results from 
the vibration of the permanent magnet is to create 
waves in the electric current through the alternate in- 
crease and decrease of the current’s intensity. This in- 
| erease and decrease does not occur with the character- 
|istic suddenness of an impulsive current, but is pro- 
— to the increase and decrease of the density of 

he air during the vibration of a sonorous body.” 

In a memoir read before the Society of Telegraph 
Engineers of London, Prof. Bell again says: 

* If Figs. 11 and 12 (see annexed Figs. 6, 7, and 8) be 
studied, it will be easily seen that simultaneous trans- 
mission of sounds of different powers and natures 
through the same wire cannot, in the case under con- 
sideration, alter the character of the vibrations that 
have produced them, as occurs with intermittent or 
impulsive currents. It merely changes the form of 
the undulations, and such change is effected in the 
same way as in the aeriform medium that transmits to 
the ear the combination of sounds emitted.” 

The thought of Prof. Bell receives, moreover, the 
same interpretation on the part of the most eminent 
specialists. Prof. Fleeming Jenkin, especially, in his 











all else being favorable, will prove fatal. When fancy | thatis, R—r = a constant length, viz., the transverse 
twist for effect is used, effect is then the controlling' axis. The locus of the point }' (No, 1.) is the other half 
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self thus: ‘The diaphragm reproduces a facsimile of 
the waves of air that the voice has produced at the 
transmitting extremity; and such facsimile is the far- 
off expression best fitted to represent the operation.” 

When he was asked what has been done before Bell's 
invention, he answered: ‘*It had been found possible 
to produce the musical note, that is to say, the same 
number of waves per second; but the difference between 
musical sounds and the articulation of the human voice 
is that the latter depends upon the waves themselves, 
and their peculiar form is reproduced by Bell, and is ob- 
tained by means of the telephone.” 

The interpretation that I have given of Bell’s idea, 
then, is accurate. I shall now present this question: 

Upon what scientific basis is this theory of the Bos- 
ton professor founded? It would be difficult, if not im- 
possible, t6 answer. It is merely a bold conception 
that has issued from Prof. Bell’s imagination. In or- 
der to have it admitted he produced his telephone, the 
operation of which has astonished the scientific world. 
The diagrams that he afterward drew, and from the 
analysis of which he believed he could deduce the truth 
of his explanations, have been admitted without dis- 
cussion, and yet I shall now prove that they cannot 
stand a rational examination. 

If Prof. Bell's theoretic ideas were admissible in a 
general way, and if an application were made of them 
in the other departments of physics, it would be neces- 
sary to adopt this formula: A physical phenomenon, 
during its diffusion through several media, and by dif- 
ferent agents, must preserve all its peculiar characters 
without alteration in duration or form. 
solute negative of the law of the transformation and 
reversibility of phenomena recognized in a general way 
in physics. Can this formula, which, applied to the 
different departments of physics and chemistry, would 
constitute a scientific heresy, be the expression of truth 
in telephony? Such derogation with so general a rule 
would at least be surprising! 

Ishall now meet the learned American’s first asser- 
tion. According to Prof. Bell, if intermittent elec- 
tric currents are qualified for transmitting isolated mu- 
sical sounds, they can in no case permit of the trans- 
mission of compound ones that give rise in the air to 
complex vibratory motions. The following is the 
shadow of a demonstration given by Prof. Bell. The 
example that he has selected is that of the emission of 
two sounds that form a major third, that is to say, the 
component sounds consist of vibrations whose num- 
bers are in the ratio of 4 to 5 during the same time. 
There are two interrupting tuning forks interposed in 
the circuit ofa voltaic battery that give the exact num- 
ber of contacts that correspond to each note. The 
electric currents created by the isolated emission of each 
note, and the currents resulting from their simultane- 
ous emission, are represented, according to Prof. Bell, 
by the diagrams 1, 2, and 3. 








If the diagram is exact, an inspection of line 3 would 
prove that the current resulting from the major third 
Was nearly continuous and of constant intensity. Prof. 
Bell, with apparent reason, concluded from it that if 
other sounds were to superpose themselves upon the 
two first, the electric line would be passed over by a 
constant current. There would then - no more per- 
ceptible manifestation at the receiving apparatus. 

On the contrary, if each note emitted isolatedly 
caused the line to be traveled over by uninterrupted 
undulatory currents, as Prof. Bell has defined them, 
and as he has figured them in diagrams 6 and 7, their 
simultaneous emission would give rise to the produc- 
tion of an undulatory current whose variation in time 
is figured in diagram 3 of clearly characterized form. 
Bell concluded from an analysis of this last-named dia- 
gram that the effects produced upon the telephone re- 
ceiver were precisely characterized, and must, for this 
reason, reproduce the original sonorous vibrations, 

As this result cannot be obtained with intermittent 
currents, such as represented by Bell in 1, 2, and 3, un- 
dulatory currents, says he, are the only ones capable of 
allowing of the transmission of articulate sounds by tele- 
phone. 

Bell's argument would be decisive were diagrams 1, 2, 
and 3a true representation of the phenomena. If, in 
fact, it is impossible to explain the transmission of 
speech by intermittent electric currents,and undulatory 
ones, on the contrary, permit of the explanation of the 
phenomena, it is unnecessary to seek other proof. But 


if, in order to obtain diagrams 1, 2, and 3, it has been | 


necessary to have recourse to entirely gratuitous sup- 
positions that cannot be realized in most cases, and 
that are not the same in the example supposed, the de- 
+ itacaaae loses its entire value, and the conclusions 
fall. 


seen that in order to trace them it has required the 
three following suppositions: 

1. That a current at its origin instantly acquires its 
maximum of intensity, and that it ean end just as 
abruptly. Such a condition cannot be realized in na- 
ture, for there is always a period of increase at the 
closing of the current, as there is one of decrease at its 
termination. 
cannot be limited, then, by verticals, but must be by 
obliques, as I show in diagram 4, which is a modifica- 
tion of 3. 

_2. Bell's second supposition is that there is but a 
single Voltaic battery for the two interrupters of the 
current. But we can just as reasonably suppose that 
each interrupter has at its service a distinct battery. In 
this arrangement, when the cireuits are closed at the 
same time by the two interrupters, the currents from 
the two batteries traversing the line, their respective 
intensities will add themselves to each other so as to 
produce a durable effect upon the receiver. 

_ The diagram that represents the electric state of the 
line at the time of the emission of the major third is 





This is an ab-| 


Now, an analysis of these diagrams makes it clearly 


The various parts of diagrams 1, 2, and 3} 


| represented at 5. It is not inopportune to point out | 
| the analogy of this diagram with that (8) of Bell's un- | 
| dulatory currents. | 
3. Finalfy, Bell has supposed in the third place | 
that the durations of the closings of the circuit were | 
precisely equal to those of the periods of opening it, for | 
leach interrupter that gives the notes of the major | 
third. An examination of diagrams 1 and 2 leaves no | 
;doubt with respect to this. Now, such a supposition 
is certainly not realized in the example selected by 
| Professor Bell. The two tuning forks connected | 
with the line establish, in each of their vibrations, an 
abrupt and sudden contact with a fixed stop connected 
with the pole of the pile. The duration of the contact | 
| is incomparably less than that of the complete oscilla- | 
| tion of the interrupter—a period during which there is 
|no production of current. 
| The exact representation of the electric state of the 
| line through the production of this series of almost in- 
| stantaneous currents of very short duration, when each 
of the tuning forks is acting isolatedly, and there are 
two electric batteries, is shown in diagrams 9 and 10, 


| When the two vibrators are operating together, we 
| shall obtain diagram 11. 
An examination of this diagram proves that the} 


eurrents succeed one another without confusion in the | 
| line, and that each is capable of producing its effect 





isolatedly at the reception. The transmission of com- 
pound sounds will result from the succession of these 
effects upon an appropriate receiver. 

Here we are very far from the conclusions deduced by 
| Professor Bell from an analysis of his diagrams. The 
|only appearance of demonstration that he has given in 
support of his theory will not, then, withstand an ele- 
mentary analysis. Will this theory further withstand 
an examination of known facts ? 

Bell asserts that intermittent currents are unfitted 
|for the simultaneous transmission of several musical 
sounds through a single electric line. Gray's har- 
monic telegraph is the complete experimental contra- 
diction of this assertion. 
| In order to avoid all discussion on this subject, I be 
lieve it well to give a succinct description of the ar- | 

rangement devised by this eminent electrician. 
| Mr. Elisha Gray's device permits of the simultaneous 
transmission of several dispatches by the same con- 
duetor, in applying the property that sounds of differ- 
ent pitches have of transmitting themselves without 
confusion to different apparatus. The transmitters, 
| like the receivers, consist of a series of vibrators. In 
| transmission, the vibration of a strip of metal is kept 
up by the current from a local pile. If the lever of a 
+ def manipulator be pressed against the contact of 
the line pile, each oscillation of the vibrator will pro- 
duce an instantaneous contact with a stop, and a cur- 
|The of very short duration will be sent into the line. 


The receiver consists of an electro-nagnet mounted 
upon a sonorous box. The armature consists of a vi- 
brating plate. There is aslide which is capable of oc- | 
cupying several positions in a groove at the extremity 
of this vibrating piece, so as to adjust the number of 
its vibrations to the pitch of the sound corresponding 
to the fundamental note of the sonorous box. Therod 
of the electro tuning fork transmitter of the station in 
correspondence is adjusted to the same note. The re- 
sult of this arrangement is that the single currents pro- 
duced by the oscillations of the vibrator of the send- 
‘ing station will be capable of causing these relays to 
operate synchronously, to the exclusion of the other 
eurrents which are simultaneously passing over the 
line and are capable of reaching other receivers whose 
sonorous boxes will amplify the sounds. In this way 
several audible dispatches can be sent simultaneously 
through the same wire to several distinct apparatus. 
Let us, in fact, imagine that at the stations in corre- 
spondence there are several vibrators attuned to differ- 
ent notes, with as many analyzers or receivers mounted 
upon sonorous boxes. if the seven Morse keys be de- 
pressed at the same moment, the line will be simulta- | 
neously traversed by the seven series of currents! 
closed and interrupted at different intervals. It might 
be thought at first sight (this is the opinion of Bell, 
|contradicted by theory and experiment) that a con- | 
fusion would occur in the dispatches received; but the | 
accordance of the vibrators and analyzers permits of | 
the separation of these seven series of currents, and as | 
each resonant box re-enforees only the notethat corre- | 
sponds to it, each series of currents finds its own re- | 
ceiving apparatus. 

If, without in any way altering or modifying the ar- 
rangement of Gray’s apparatus for the transmitters | 


| 
} 


j 





and the line, we substitute a Bell or hammer'telephone 
for the separate analyzers or receivers, all the dis- | 
tinct notes will be rendered by this single apparatus | 
without mixture or confusion. Now, this arrangement | 
does not modify the nature of the currents, which are | 
| éntermittent, and not undulatory. 
How is it that this experimental fact of Gray's har- | 
monic telegraph has not struck the author of the 
theory of undulatory currents? It is a peremptory de- | 
monstration of the error committed by Professor Be 
when he asserted that discontinuous intermittent 
currents are not adapted for the transmission of com- 
und sounds. If, as theory and experiment prove, 
it is otherwise, if musical sounds emitted simultane- 


ously can be transmitted electrically by a series of 





currents that succeed one another*upon the line, why 
cannot speech be transmitted by the same means ? 
What, then, is speech? ‘* Whatever be its pitch,” 
says Mr. Jamin (Cours de Physique, p. 176), “the 
human voice is, like all sounds, composed of a funda 
mental and its harmonies. What distinguishes it from 
all sounds is the modifications that we cause it to un- 
dergo at our will, and whence results speech. Speech 
consists in the first place of the emission of sounds 
that have different characters—peculiar timbres—and 
that are called vowels. ‘he second element of 
human speech consists of consonants, which are not 
persistent tones, but modes of beginning or finishing 
the vowels by a sort of explosion, that is, by a move 
ment of the air comprising at the most a very small 
number of vibrations of different form from those of 
the vowels that they modify. Such explosion pre- 
cedes the musical sound of the vowel, and ceases as 
soon as it has taken rise in ba, be, bi, or else it termi- 
nates it by a final motion of the lips in ab, at, ar. Be- 





sides this role, some consonants have the property of 
representing a sort of whistling or friction, s, 2, 7, which 
may continue indefinitely without the emission of a 
sound properly so called, either that the correspond- 
ing period be too rapid to make an impression upon 
the ear, as in the sibilants, or slow enough to permit 
us, as in trills, to seize the individual pulsations 
thereof.” 

It results in particular from the analyses made by 
Mr. Helmholtz that the vowels are nothing else thana 
timbre—an ensemble of characteristic simple notes 
that have been called vocables. They in no wise 
depend upon the pitch of the sound or upon the per- 
son who emits them. The vowels or diphthongs Ou, 
O, A, require but one vocable. These are respectively 
the notes fas, sis,* si,.* 

The other vowels contain at least two vocables. They 
are for example: 

Ai ' y | I Eu | Uv 

re, and sol, | fay and 8i,* | fa, and re, | fa, and uf,t | fa, and sol, 

It is undeniable—theory proves it, and Gray’s tele- 
graph renders it evident—that different musical sounds 





| emitted simultaneously can be transmitted by a series 
| of electric currents that succeed one another upon the 


same electric line. The vocables that constitute 
vowels are nothing else than musical sounds, and the 
possibility of transmitting them by discontinuous cur- 
rents is therefore evident. As for consonants (explo- 
sives, sibilants, etc.), it will occur to noone that elec- 
tric undulations are indispensable for the transmis- 
sion of these sonorous vibrations. What remains, then, 
of Professor Bell’s argument? 

I might stop here and expatiate no further upon 
this point of the question, which particularly 
concerns electricity. Let it be permitted me, however, 
to rapidly cite a few experimental facts that formally 
contradict Bell's theory of undulatory currents, 

Several successive inductions do not alter the clear- 
ness of the speech transmitted, and the interposition 
of an induction coil, even ina very short telephone 


| circuit, increases instead of diminishing the intensity 


of the sound. Now, the intensity of induced currents 
depends directly upon the rapidity, upon the sudden- 
ness of the variation of the electric state in the primary 
circuit. It appears evident, then, that it is necessary 
for telephonic currents to have sudden variations, and 
not progressive undulations, in order that the sounds 
perceived through induction shall have the intensity 
that we find in the telephone. 

In support of this assertion I shall especially cite the 
experimental fact that was the starting point of the 
researches of my compatriot Mr. Van Rysselberghe. 

Remove from electric currents produced by the 
manipulation of the Morse key, or by the Hughes 
printer, their instantaneousness of production; for the 
direct and abrupt contact of the manipulator with the 
stop connected with the pile pole, substitute succes- 
sive contacts with a series of springs connected with 
the same pole through successively decreasing resist- 
ances, so as to progressively graduate the intensity of 
the current that is traversing the line; this done, you 
will succeed in converting the previous sudden current 
into a true undulatory one. 

What will be the result of such a modification? It 
will be to considerably diminish—nearly annihilate— 
the inducting influence of this current upon the neigh- 
boring telegraph wires, to such a degree as to render it 
imperceptible even in the telephone interposed in 
either one or the other of these circuits. This fact 
alone would suffice to prove that undulatory currents, 
that is to say, progressively increasing and decreasing 





ones, traversing the primary circuit of an induction 
coil, are incapable of engendering in the secondary cir- 
cuit that contains the telephones induced currents that 
are strong enough to reproduce sounds, while inter- 
mittent currents, occurring abruptly, will necessarily 
produce therein currents of great intensity. 

I may recall, in the same order of ideas, the trans- 
mission of articulate sounds that Dr. Herz succeeded in 
effecting through condensers. 

I might likewise dwell upon what is known to us con- 
cerning the laws of the diffusion of an electrie current 
in an aerial, subterranean, or submarine conductor. 


ll The differences that occur in each of these cases, in 


time and in form, for the variable period of the elec- 
tric state of the line traversed by the current, are with 
difficulty reeoncilable with the invariability of form 
* Flat. t Sharp. 
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The use of a conductor of any na- | their respective lengths. The articulation of the voice 
is independent of the length of the lever, that is to say. 
of the oscillating pendulum; and it therefore does not 
depend upon the rapidity of the lever’s oscillation. 
Then the time taken by the lever armature to effect 
the vibration corresponding to the shock of a sonorous 
| wave is independent of the duration of this vibration 
of the air. It is not equal to it, as Bell has thought it 
possible to assert, in neglecting the mechanical point 
of view, and fascinated and carried away by the ap- 
parent beauty of his conception—the uniformity of | 
undulatory motion, 
But if the duration of the lever armature’s motion 
has no relation with that of the sonorous vibration of 
the air, the duration of the electric current which re- 
sults therefrom is likewise independent of that of the | 
sonorous wave. The phases presented by the currents 
that succeed each other in the line are not identical 
with those of the vibrating air. The intensities of the 
| electric currents are not, at every instant, as Prof. Bell 
says, proportional to the density of the vibrating air. | 
Prof. Bell’s theory has no longer any basis; it is con- 


successive currents. 
ture whatever does not, moreover, alter the essential 
qualities of the voice. The intensity alone is modified; 
but the articulation, which depends upon the very 
number and the intervals of the currents, remains per- | 
fect whatever be the composition of the circuit. 

All these facts (and it would be easy to multiply ex- 
amples) remove all scientific value from Prof. Bell's 
assertion that undulatory currents that are the fac 
simile of sonorous waves of vibrating air, are indispens 
able for the transmission of articulate sounds. I have 
demonstrated in an irrefutable manner that currents 
of very short duration that sueceed one another at pre 
cise intervals on the line are perfectly fitted for such 
transmission. 

Diagram 12, in which the engraver has brought the | 
components too close together, gives a representation | 
of the way in which these currents may succeed one 
another without confusion for tho transmission of any | 
sounds whatever—musieal, articulate, ete. 

The known electrical applications, the very phenom- 


prescribed by the Bell theory for the undulations of} in periods inversely proportional to the square roots of | has no direct relation with that of the sonorous vibra- 


tion of the air; that these motions, then, cannot be 
facsimiles of the sonorous waves of the air; that the 
electric currents produced by these motions do not de- 
pend, as regards their duration and intensity, directly 
upon the duration and amplitude of the armature’s 
motion, and cannot have duration or phases equal to 
those of the sonorous vibrations of the air; that these 
currents are not, then, undulatory ones answering to 
the definition and explanations of Prof. Bell; in a 
word, that Prof. Bell’s theory is not applicable to the 
operation of the hammer telephone. 
have, moreover, in the course of this article, con- 
trary to Prof. Bell’s assertion, established the possibil- 
ity of transmitting several simultaneously emitted 
sounds through a series of intermittent currents of 
short duration. Gray’s harmonic telegraph has per- 
mitted me to prove by experiment the truth of my 
theoretical demanstration. 
An analysis of the subject, regarded from mechanical 
and electrical standpoints, shows that the telephonic 
transmission of sounds of every nature whatever—musi- 


| cal, simple, compound—is produced by a series of diés- 





ena of telephonic transmission, and all experiments 
relative to induction upon telegraph lines seem to de- 
monstrate that speech is transmitted through a succes- 


sion of discontinuous currents of very short duration, | 


and not through undulatory ones. 

It now remains for me to establish beyond contro 
versy the truth of this conclusion, to analyze the opera 
tion of the telephone from the standpoint of mechan- 
ics, and to prove that the laws of the motion of bodies 
in contact are irreconcilable with the theory of the 
American electrician. The fact must not be lost sight 
of that, in the succession of the phenomena of tele- 
phonie transmission, electricity appears only as an in 
termediate agent, and that at the origin as well as at 
the reception it is merely a question as to the mode of 
propagating the sonorous vibrations. A study of the 
telephone’s operation from the standpoint of mechanics 
is therefore of prime importance. Sound originates in 
a series Of alternate motions reproduced at equal and 
very approximate intervals through the molecules, in 
general, of a solid, liquid, or gaseous body. A bell that 
is resounding communicates very lively motions to a 
ball placed within it. A plate that is resounding com 
municates motion to grains of sand strewed upon its 
surface. Here we are, then, led to a study of the mo- 
tions of bodies, and particularly to a study of the phe- 
nomena of the shock of two bodies. 

A shock occurs between two bodies that meet every 
time the two points through which they first came to 
touch each other do not in advance have equal and 
parallel velocities. The shock of two bodies is always 
accompanied with a momentary or lasting distortion of 
their surfaces, according as the bodies are elastic or not. 
In the first case the live force of the system, after the 
shock, remains what it was before, but in the second 
there is a loss of live force. The pressure that results 
from the contact of two spheres of masses, m and m’, 
having velocities 0 and v’, according to the line of their 
centers, will have for first effect to give them a common 
velocity: 

mo + m'v' 
~ e+ mm’ 

If the two bodies were wanting in elasticity, the phe- 
nomena would stop here, the contact would be perma- 
nent, and the motion would proceed with the velocity u. 
But if, as is almost always the case, the bodies are 
more or less elastic, immediately after the two spheres 
have acquired the common velocity the pressure that 
will continue to be exerted during contact (through the 
effect of the reaction due to elasticity) will have the 
effect of further diminishing that of the velocities which 
has already diminished, and of further increasing the 
other. Consequently, contact will be unable to persist 
between them, and there will be a separation. Pet us 
apply this principle to the telephone. The sonorous 
wave strikes against a flexible diaphragm in the Bell 
telephone, and a thick, non-flexible block in the ham- 
mer telephone. What results from the shock? Me- 
chanics answers: A communication of a portion of the 
velocity of the 1ovable body (that is, the vibrating air) 
to the solid, and a reflection of the former, that is to 
say, a Inomentary separation of the two bodies. In 
the Bell telephone the diaphragm will bend, and make 
a movement toward the magnetized pole, and will 
afterward return to its initial position. What will the 
duration of this oscillation be? Prof. Bell asserts that 
the motion of the diaphragm will have a duration pre- 
cisely equal to that of one sonorous vibration of the 
air. Let us discuss the scientific value of this opinion. 

In the phenomena of the communication of the sonor- 


ous vibration of the air to the diaphragm we find again | 


The vibrating air consti 
The diaphragin is none 


the elements of the shock. 
tutes a perfectly elastic body. 
the less wanting in elasticity 
gards the first body. ‘Theshock, then, causes the strik 
ing body to experience a loss of velocity and then a re- 
flection, the velocity, on the return, being diminished 
by the entire quantity that has been communicated to 
the solid body, and which has not been restored, owing 
to the complete want of elasticity of the latter. 


The solid body, through the effect of the shock, is | 


submitted to a molecular concussion that it transmits, 
and a movement of inflection that causes the central 
part of the diaphragm to approach the magnetized 
pole. But, owing to its own elasticity, it at once re 
turns to its first position, ready to receive the shock of 
the following wave. It is upon the composition, form, 
thickness, and mode of connection with the support, 
ina word, upon the body struck, and not upon the 
striking one, that depend the laws of its motion, and 
consequently the duration of the diaphragm’s oscilla- 
ticn has no direct relation with that of the sonorous 
vibration of the air. If we take two different dia- 
phragms, the duration of their motions will evidently be 
different. The operation of the hammer telephone 
very clearly confirms the truth of this reasoning. 
What are the constituent elements of this apparatus 
and their connection with the support? They are a 
thick piece of wood ebonite, or slightly sonorous ma- 
terial that the sonorous waves of the air strike; and, 
at the posterior surface of this, and resting upon it, a 
stiff lever, whose arms may be of equal or different 
length, long or short, without causing the articulation 
of the voice transmitted by the telephone to undergo 
any alteration. 

Now, if two penduiums of different length happen to 


be shaken by a blow, their oscillation will be effected 


[t was immovable as re- | 


| continuous currents that succeed one another upon the 
‘line. These currents are exactly equal in number to 
and a flood of light will be shed upon the laws that|the sonorous vibrations of the air corresponding to 
preside over the transmission, the electric diffusion, | each one taken isolatedly. They succeed each other at 
and the telephonic reproduction of sounds. Is therein | intervals precisely equal to those that separate such 
the hammer telephone a momentary separation of| vibrations. Their intensity is directly proportional to 
the parts through the effeet of the sonorous shock ’| that of the sonorous vibrations. 
Experiment shows that this apparatus permits of the| Such is the rational explanation of telephonic phe- 
transmission of speech without the aid of an electric | nomena, and the only true one, since it alone is in ae- 
battery, through a simple metallic connection with a| cordance with scientific principles and the results of ex- 
similar or Bell telephone used as a receiver. The lever! periment. - 
armature undergoes oscillatory anotions, then, opposite} The abrogation of the law recognized in physics does 
not, as Prof. Bell has supposed, exist. 


the pole of the magnet, when sounds are emitted in|} 

front of the solid piece upon which it bears through| Telephonic transmission by electricity obeys the gen- 

one of its-extremities. The principles that we have | eral law of the reversibility of the phenomena of na- 

above adduced establish that with elastic bodies there | ture, which, after a series of successive transformations, 
| in which their peculiar characters and phases may be 


is an independence of motion between the striking 
body and the one struck. The same independence | absolutely modified, reappear with all their constituent 
qualities. 


exists between the motion of the body that serves as 
an intermediary to the transmission of the shock and| The original sound is produced by mechanical action. 
that of the lever armature. | In its propagation through the air, and then through 

The physical phenomenon of ivory balls suspended in | the solid parts of the telephone, the mechanical motions 
a row in contact with one another, and which under | are effected with the qualities properto each of those 

the action of a blow communicated to the first of the| media. Mechanical motion is afterward partially con- 
series all remain immovable save the last, perfectly ex-| verted into magnetic or electric motion of several na- 
plains what occurs in the telephone. It results from} tures, through one orseveral inductions, in order to be- 
this fact that even in case the two pieces in contact | come again magnetic and then mechanical, with phases 
were of the same nature, material, and form, and had | in the receiving telephone contrary to those that it had 
the same mobility, the intermediate piece would re-| in the transmitter. 

main apparently immovable under the action of the} 
sonorous shock, and the armature alone would have a 
real motion. But in the telephone, besides, the nature | 
of the two bodies is different, and their modes of con- | 
nection with the support are different. With the in-| the rest. 
termediate body all inflection is practically impossible, 
| The separation of the two bodies is é¢vident. 

The sonorous blows communicated to the thick piece 
}in the hammer telephone produce the same effect in the 
|lever armature as the vibrations of a bell do upon a 
| ball placed within it, as the vibrations of a resonant 

plate upon grains of sand scattered over its surface. 

When a carpenter wishes to drive a nail into a par- 
| tition, he has his assistant exert a stress with a piece of 
| wood at the corresponding point on the opposite side. 
| The man who performs this function knows perfectly | 
| well that whatever be the reaction that he wishes to} 

oppose, whatever be the amount of stress really exert- 
| ed, the effect of each blow of the hammer is to cause a 
motion of the block of wood, and a breakage of its| 
contact with the partition. Just so, when the sonorous 
wave strikes the piece of wood or ebonite upon which 
the extremity of the lever armature bears like an anvil, 
| the magnetic attraction of the telephone magnet is 
powerless to keep up the contact. A separation must 
joceur. The velocity communicated to the movable | 
| piece by this force of instantaneous duration is soon 
|destroyed by the continuous action of the magnetic | 
| force that brings the armature back to its initial posi-| 
tion. } 

As for the intermediate piece, if even we suppose that | 
it is capable of effecting a real motion (as it has no con- | 
nection with the hammer of the lever), it is its own | 
elasticity that leads it back to the former state. The} 
reactions that govern the motions of the two organs | 
are, then, essentially different, and the motions that | 
| result from them must be so likewise. It is not possible | 
| to oppose a scientific argument to this explanation, 

which rests upon a rigorously exact basis. A denial can 
doubtless be made, but a simple denial cannot prevail 

| over certainty. 
The entire experimental study of the hammer tele- | 

phone is in accordance with these theoretical deduc- 

tions. 
The following are a few demonstrative facts : 

{ When we fix the armature to the solid piece, the ap-| 


tradicted by the elementary principles of mechanics. 
Let us pursue the study of the hammer telephone, 


THE STREET AND MAQUAIRE LAMP. 


HERE at length is a lamp that does not resemble all 
To describe a regulator is always a drudg- 
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paratus no longer operates. 

The use of flexible diaphragms considerably dimi- 
nishes the intensity of the sounds transmitted. 

If we fix the armature to the magnet, and. if we even 
confine ourselves to establishing a physical contact of 
| the armature, by interposing materials deprived of 
magnetism, we stop the operation of the apparatus. 

On another head, the reproduction, of sound is not | 
perceptibly altered on reception, when between the | 
solid piece and the hammer we interpose deafening | 
materials, such as blotting paper, cloth, damp kid 
skin, ete. 

The strong sounds emitted by the telephone cannot 
certainly be attributed to the inflections of these non 
sonorous substances. In order that there shall be a 
| production of sound, it is in all cases necessary that 
| there be a series of hammer blows upon the anvil, and 
|the effect of which cannot be annulled by these deaf- 
ening materials. 

As a last conclusive fact: when the telephone cur- 
|rents that traverse the apparatus are strong enough 
(like those given by the vibration of a spring upon the 
support of the pantelephone), we perceive perfectly, 
jupon placing a finger upon the front of the telephone, 
| the tremor of the hammer that is striking the rigid 
| plece. 
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| Fia. 1. THE STREET AND MAQUAIRE ELECTRIC 
LAMP. 


ery. Doubtless a new point, an ingenious detail, is 

found, and it is for that reason that the apparatus is 
| brought to notice and deseribed; but, in order to reach 
such interesting point, one finds himself obliged to 
| again 4 through the nomenclature of parts—solen- 
| olds, clockwork, ete. To-day we get out of the rut, for 
Messrs. Street and Maquaire’s lamp differs both in 
principle and arrangement from all the systems con- 
ceived for the same purpose. 

| In the first place, all, or almost all, the lamps that 
| are known merely obtain from the current a regula- 
| ITnowsum up and conclude. From the analysis that! tion of the carbons’ motion, the motion itself being 
| I have just made of the operation of the hammer tele-| due to a non-electrical cause. In the great majority of 
| phone there result the following conélusions, viz., that | cases, gravity is the motive power. The only lemp that 
| ot them the emission of sounds, as for the production | we can mention in which the approach or recession of 





of them, the lever armature undergoes genuine mo-| the carbons is effected by the current itself is that of 


tions; that the duration of each of these oscillations Mr. Tchikoleff, 
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The Street and Maquaire lamp proceeds in the same 
manner, but the motion is brought about in a partic- 
ularly ingenious and new way. In order to cause the 


earbons to move under the influence of the current, it 
is necessary to devise a small electric motor, and this is . 
what was done by Mr. Tchikoleff, who simple borrowed 
the Gramme ring. 

The lamp under consideration is construeted for run- 


r 


especially with alternating currents, which, as 
known, are but slightly adapted for putting the 


nip 
wel 























2. 


Fie. 2—THE STREET AND MAQUAIRE ELEC- 


TRIC LAMP. 


part in motion. By a curious detour, it is precisely 
by relying upon this very alternation that the inventors 
have effected their regulation. These gentlemen, who 
are known as the engineers of the Sun Lamp, were led 
by reason of their occupation to make a particular 
study of alternating currents, and, during the course of 
such labor, were led to a special consideration of the 
vibrations that these currents may give rise to. We 
ean, in fact, by sending an alternating current into an 
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simple motor from this vibratory motion. Let us im- 
agine that the armature thus set in vibration is provid 
ed with a click that rests upon the toothing of a ratchet 
wheel. At each of its vibrations it will cause the wheel 
to move forward one tooth, and the wheel will take on 
a continuous rotary motion. But, as may be conceived, 
such a motor would be somewhat delicate. In fact, the 
oscillation of the tooth would be very rapid—something 
like seven or eight thousand vibrations oo minute, and 
the amplitude by compensation would be very slight. 
The ratchet wheel, then, would have to have exceedingly 
fine teeth, and it would be difficult to keep the click in 
perfect contact with it. 

Another ingenious idea will serve to correct the 
trouble. Let us make the click and wheel of soft iron, 
and what will happen then? Atthemoment the click 
(which forms part of the vibrating armature) is attract 
ed by the electro-magnet, it will be magnetized. At the 
moment the electro abandons it, and it comes under the 
action of its spring again, it will be no longer mag- 
netized, and it follows that, in its forward motion, it 
will adhere to the wheel, and that in its backward it 
will not. This is a very simple mode of securing a con- 
tact of the click with the teeth, or rather, what is 
better, it is a means of entirely suppressing the teeth. 
In fact, what good are the teeth? Magnetic adherence 
ought to suffice, and indeed it does suffice perfectly. 

Messrs. Street and Maquaire have applied the motor 
thus sketched, as follows: As we are making use of 
alternating currents, the two carbons will wear away 
equally. It is a question,then, of causing them to ad- 
vance toward each other equally and with proper velo- 
city. To effect this the two carbon supports, GG’, 
form the nuts of a screw, OO', having two contrary 
threads. When the serew revolves, the two nuts and 
the carbons that they carry will recede from or ap 
proach each other. Upon the axis of this double screw 
there is fixed an iron disk, A. In reality there are two 
of these disks, A and A’, but as their actions coincide, 
we shall suppose provisionally that there is but one. 
At the two sides of this disk, and at the extremities of 
the same diameter, there are two pieces of iron, 6 and c¢, 
tangent to the disk and mounted upon a small spring, 
ee. In front of the extremities of these two pieces, bc, 


one of them, BB’, is placed in the lighting circuit, 
as. shown by the line, M, N, P, G’, Q, R, BY, B.S, T. 





eo ow . - ; 
|wire. The other, CC’, is placed upon a derived circuit 


jtaken at the terminals of the lamp at M, N, ©, C’, Q, 
|R, B, B.S, T, and is wound with fine wire. This ar- 
rangement is the one that is applied to differential 
lamps. 

The apparatus operates as follows: Let us suppose 
that the two carbons are in contact. The resistance of 
the circuit, M’, P, Q, 8, T, is very feeble, the entire cur- 
rent is directed therein, and the electro, BB’, is strongly 
excited. The strongly magnetized contact piece, 0, 
acts energetically upon the disk, M, and causes it to re- 
volve in the direction shown by the arrow, a. The 
screw follows the motion, the two carbons recede, and 
‘an are is formed. The current weakens at the same 
| time in the electro, BB’, but increases in CC’, and the 
' piece, c, adheres more and more strongly to the disk. A, 

and tends to make it revolve in the direction of the 
arrow, #. There is an equilibrium for a certain time, 
and then the carbons recede as a consequence of the 
combustion. The electro, CC, takes its place above, and 
a revolution in the direction fis brought about and 
goes on continuously, compensating at every instant 
for the wear, and keeping the current strictly at the 
same intensity. Thesystem, A’, 0’, c, placed below the 
axis, repeats the upper system, and doubles its action. 

| The running of the apparatus is absolutely regular. 
| The little motor, AA’, revolves gently and continuously 
without showing what moves it, the vibration of the 
|tangential pieces being very rapid. Sometimes, if, 
through the homogeneousness of the carbons, the are has 
a tendency to abnormally lengthen or shorten, we ob- 
serve the small disk now to hasten its speed, now to 
| slacken it, and now tostop; to move for a moment in 
| an opposite direction, and then, all being in order again, 
| to resume its regular operation. The light is excellent, 
| as may be readily conceived, and all inequality due to 
‘mechanism has disappeared. 

| ‘The inventors have provided their lamp with acces- 
| sory arrangements, in view of different contingencies 
| that may arise. First, if the carbons become entirely 
consumed, one of the holders, G (Figs. 1 and 2), in its 





; motion touches a contact, g, and closes a short cireuit 


that cuts the lamp out of the circuit. On another 
hand, the lamp may be extinguished by accident, in 
which case the entire current would pass through the 
solenoid, C c’. 
destroyed. Such an accident is prevented by the ar- 
rangement shown in Fig. 2. 


the armature, h, and tilts the lever, H, L. In this mo- 
tion the rod, m, touches the contact, #, and thus forms 
a derivation through the bobbin, V. This latter has a 
resistance about equal to that which the are normally 
had—or rather a little greater. It performs two fune- 


and, on the other, it lightens the electro, C, of the excess 
of current that might injure it. 
of this, however, to cause the disk to revolve so as to 
bring the carbons together. When these latter come 
into contact, the circuit that they formed having almost 
no resistances, the entire current, abandoning the 
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electro-magnet, put into and keep in vibration a spring 
armature placed before the core of the electro. The 
armature, the spring, and the electro itself must be 
placed in certain conditions that correspond tothe dur- | 
ation and intensity of the current’s phases. If such 
conditions are fulfilled. the armature will be attracted | 
every time the current passes through a maximum. ' 
Every time the current is annulled, in order to chan 

direction, the abandoned armature will obey the 
spring, and e. j 


reced 
Messrs. Street and Maquaire have devised a very 





electro, C, and the bobbin, V, flows into them. The lever, 
HL, actuated by its spring, N, returns to its normal 
position, while the electro, B, separates the carbons, and 
relights the lamp. 

Instead of placing this arrangement in the lamp it- 
self, the inventors prefer to have it separate therefrom, 
and they therefore give it the form shown in Fig. 3. 
During a normal operation, the current entering at P 
traverses a small solenoid, A, which keeps lifted a) 
metallic fork placed over two mercury cups, mm’. 
After passing through A, the current traverses the 
lamp and makes its exit through the cireuit, T, 8, R. 
If the lamp goes out, the current tends to weaken, the 
solenoid, x abandons the fork, and the latter falls into 
the cups mm and reunites them in short circuit. The 
current from P then finds two paths; one leads it as 
before to the lamp, and the other allows it to 


are arranged two electroanagnets, BB’ and CC’.. These | 
latter are both connected with the general current, and | 


| This electro is provided with a few spirals of coarse | 


At the same time that the general oper- | 
ation would be interfered with, the solenoid might be | 


At the moment _ the lamp | 
goes out the strongly magnetized electro, C, attracts | 


tions; on,the one‘hand, it keeps up the contact, mn, by | 
attracting the armature, 7, and preserves its current; | 


It preserves enough | 


| is filled with 
| down, after the glass wool has been introduced, by al- 


that which the are had. It will divide itself between 

these derivations, and the portion passing through the 
lamp will permit the electro, C, to bring the carbons to- 
gether, while the other, which passes through B, will 
assure of the service in the balance of the circuit, and 
prevent accidents. When once the carbons are in con- 
tact, the bobbin, A, will raise the fork, and the relight- 
ed lamp will begin its operation again. This device 
will act not only in case of accident, but also in case of 
voluntary extinction. 

To culogize the operation of this lamp at the moment 
at which it has just been devised, at the time when it 
as yet exists only in an experimental stage, would 
doubtless be hazardous, and we know that suf- 
ficiently prolonged experimentation can alone permit 
of pronouncing upon it. 

?e can already see, however, that the new apparatus 
is possessed of great simplicity, and that this assures us 
of astrong and cheap lamp. These are features of 
great importance in an apparatus of this kind, and 
when we find them at the very inception of asystem we 
can risk predicting a fine future lor it.—La Lumiere 

| Hlectrique. 
“APPARATUS TO DETERMINE EQUIVALENTS. 
By H. N. Morsk and E. H. KEISER, 


THE design of the first year’s course of laboratory 
work for undergraduates in this university is to teach 
| the important facts of general chemistry. During that 
time analysis is taught only incidentally. The course 
begins with a series of exercises in manipulation and 
in the calculations incidental to quantitative chemical 
work, each exercise being preceded by a leeture, in 
which the subject matter is explained or illustrated, 
and the student warned against the errors which he is 
likely to make. This division of the course includes 
such exercises as: the manipulation of glass ; the set- 
ting up of apparatus; the various operations con- 
nected with the solution and the precipitation of sub- 
stances ; the collection and washing of precipitates ; 
the use of the blow-pipe ; reerystallization ; sublima- 
tion ; distillation ; the use of the balance ; the measure- 
| ment of liquids and gases: and the correction of gas 
volumes to standard conditions of temperature and 
pressure. 

The student, having thus acquired some understand- 
| ing of laboratory processes and some skill in manipula 
tion, begins to experiment upon the elements and their 
compounds—tirst of ail upon hydrogen. Throughout 
the remainder of the course much attention is given to 
enabling the student to demonstrate for himself the 
quantitative relations of the various substances with 
which he works. Great care is taken, however, to keep 








APPARATUS TO DETERMINE EQUIVALENTS. 


out of his hands such apparatus and such methods as 
give results which approximate only roughly to the 
true ones; because results of this character are be- 
lieved to be not only destitute of educational value, 
but positively demoralizing to the student. The deter- 
mination of the equivalence of the elements by the 
students is naturally regarded as very important, be- 
cause that is the fact on which most of our chemical 
reasoning is based. In connection with his first piece 
of experimental work the student determines the equiv- 
alence of some of the metals in terms of hydrogen. For 
this purpose the simple apparatus here described is 
prsenth ee The results obtained with it have been so 
generally and so thoroughly satisfactory, that we ven- 
ture to publish a description of it for the benefit of 
those who may be following a similar course of labora- 
tory instruction. 

The a »yparatus consists of : 

a. A ask having a capacity of 40 or 50 ¢. ¢. 

b. A rubber stopper having two holes. The stopper 
| should fit the neck at all points so tightly that no gas 
can lodge between it and the glass. 
| e A small glass delivery tube of the form indicated, 
which ends at the lower surface of the stopper. The 
| upright portion of this tube is somewhat contracted at 
1, as shown in the enlarged figure. A rather tightiy 
fitting conical roll of platinum foil is placed at 2. he 
remainder of the tube between the platinum roll and 3 
lass wool. The opening at 3 is narrowed 





| 


lowing the glass to soften in the flame. 

d. x second glass tube which nearly touches the bot- 
tom of the flask and turns upat the end. The opening 
of this tube is also contrac ; 

e. A glass tube holding about 100 c. c., which serves as 
a reservoir. 

f. Asmall rubber tube with thick walls, which con- 
nects e with d. 

g. A Mohr’s pinch-cock, which serves to open or 
close f. ‘ 

h. A ealibrated, 100 c. c., gas measuring tube gradu- 
ated to 7, ¢. ec. 

i. A glass dish. 

The apparatus can be employed to determine the 
equivalents of all those metals which liberate hydrogen 
in equivalent quantities when treated with acids or 





pass 
through a bobbin, B, of a resistance almost equal to 





caustic alkalies ; provided, of course, such metals can 
be ob a tly pure The 


i 
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metals which we usually employ as examples are zine 
andaluminum. — ; . 

The experiment is conducted in the following man: | By F. J. Seymour. 
ner: P 

e is filled with distilled water ; a piece of zine weigh-| TH metal aluminum has such peculiar and desira- 
ing from 0°150 to 0°200 gramme is placed in the flask; the | ble qualities, especially in its use as an alloy with other 
pinch-cock, g, is then opened, and the whole apparatus | metals, that the writer in the year 1878 made some 
allowed to fill with water. The apparatus is now ex- | practical experiments looking to its production, which 
amined in order to ascertain if gas bubbles are lodged | consisted mainly in the attempt to separate the metal 
under the stopper, 6, or in the glass wool. If so, they from commercial zine, having found that the Missouri 
ean usually be dislodged without difficulty. If they | and Illinois product carried aluminum in a smali per- 
persist, a few moments’ boiling of the water in the} centage; and for this purpose he constructed a furnace 





ALUMINUM AND ITS EXTRACTION ON A 
COMMERCIAL BASIS. 


flask will effect their complete removal. Having thus 
effected the complete removal of the air from the ap- 
paratus, the eudiometer is placed over the outlet of the 
delivery tube, and the greater portion of the water re- 
maining in e allowed to flow through the apparatus. 
Sulphurie acid of the concentration ordinarily em- 
ployed in the laboratory (1 of H.SO, to 4 of HO) is 
poured into the reservoir, ¢, until it is nearly full. 
pinch cock, g, is then opened, and the water which fills 
the apparatus is displaced by sulphuric acid. The ac- 
tion of the acid upon the metal may be facilitated by 
heat or by adding some platinum seraps. When the 
action is over, the contents of the flask are swept 
through the delivery tube by again opening the pinch- 
cock, g. Finally, the eudiometer is transferred to a cyl- 
inder of water, the volume of the gas read and cor- 
rected in the usual manner. If hydrochloric instead of 
sulphuric acid has been used, which would be the case 
when the metal employed is aluminum, a little caus- 
tic soda should be added to the water in the cylinder 
to which the eudiometer is transferred. 

We give below a number of examples of the results 
obtained by our students during the present academic 
year. 


A. obtained from 


0°1045 gramme Zn, 0°003223 gramme H,, or the equiva- 
lent 32°42. 

0°1070 gramme Zn, 0°003306 gramme H,, or the equiva- 
lent 32°37. 

B. obtained from 

0°07475 gramme Zn, 0°0022¢ 
lent 32°53. 

0°0729 gramme Zn, 0°00224 gramme H,, or the equiva- 
lent 32°56. 


) gramme Hg, or the equiva- 


The | 


by which the metals of greater or lesser specific gravity 
could be separated while in a molten state, relying 
| upon the difference in their specific gravity, also upon 
| the degree of heat at which each metal under treatinent 
| began to crystallize. From this period of time the first 
| recognition of the fact that natural affinity between the 
}metals aluminum and zine would sooner or later de- 
| velop the economical process for their reduction be- 
}came apparent. First experiments were made under 
the belief that the two metals could be reached to- 
gether by distillation with appliances analogous to the 
distillation of zine ores, and that the two ores, by 
|treating together with carbon and other fluxes, could 
be cast down as an alloy in a metallic condition, Par- 
tial success was reached in these experiments, but it 
| became apparent that the conditions for successful 
treatment should include an arrangement so complete 
|that the very ethereal vapors distilled from the ores 
}must be held under more rigid conditions than were 
needed for the distillation of zine ores alone ; and after 
|repeated careful experiment on a practical basis, he 
| finally determined that the economical process for ob- 
taining the metal aluminum would be found by a pro- 
| cess of vaporization and condensation, and under such 
condition as would hold under proper control the va- 
pors liberated and almost entirely excluded from con- 
|tact with the atmosphere, also subject to such condi- 
| tions as would allow the introduction of hydrocarbon 
jand other gases at any time needed to make perfect 
| reduction of the silica and impurities, thereby making 
such concentration as would deliver the mineral con- 
tained in the ores in the condition of their oxides at 
one point,and the impurities to be delivered at an- 
other, and to be done by such an arrangement of ap- 
| pliance as would include cheap labor and the handling 





Cc. obtained from lof large numbers of retorts and large quantities of ma- 
terial. . . . 

Early effort to obtain this metal may be said to have 
about the year 1855, 


071098 gramine Zn, 0°003375 gramme H,, or the equiva- | 
lent 32°54. 
0°1400 gramme Zn, 0°004307 gramme Hg, or the equiva- | 
lent 32°50. 
D. obtained from 
01180 gramme Zn, 0°00364 gramme H,, or the equiva- 
lent 32°40. 
0°0925 gramme Zn, 0°00283 gramme Ha, or the equiva- | 
lent 32°62. 
E. obtained from 
0°1025 gramme Zn, 0°003167 gramme H,, or the equiva- | 
lent 32°36. | 
0°0610 gramme Zn, 0°0018852 gramme H,, or the equiva- | 
lent 32°36. 
To test the working of the apparatus, three experi- 
ments were made by ourselves : | 
We obtained from 
071959 gramme Zn, 0°00602 gramme H,, or the equiva- | 
lent 32°55. 
0°1646 gramme Zn, 0°00507 gramme Ha, or the equiva- | 
lent 32°48. 
0°1436 gramme Zn, 0°004419 gramme H,, or the equiva- 
lent 32°49. 








The following list contains all of the results which | 
have been obtained with zine by the members of our} 
class of first year students during the present year : 





32°34 33°20 32°30 

32°63 32°30 32°40 
82°66 32°80 32°57 

32°60 82°70 32°42 
82°80 82°40 82°41 

32°30 32° 32°40 

82°50 32°20 32°20 

82°84 32°50 32°30 
82°69 32°20 32°40 | 
32°53 32°62 32°37 
32°42 


The results obtained with aluminum are not less sat- | 


commenced since which time 





A quantity of kaolin placed under heat in open 
erucible (showing 40 per cent. alumina by critical ana- 
lysis) will before the silica is calcined have entirely 
disa peared, so that no trace is found by the same 
analysis as the one preceding its being placed under 
heat. 

Many inquiries have been made attempting to deter- 
mine from what source the great deposit of alumina 
projected. Geologists determine that one-eighth per 
cent. of the entire crust of the earth is an aluminous 
deposit. There are certain localities and special form 
ations of the earth’s surface that show in excess the 
deposit of this mineral, notably the drift clays in Ame- 
rica. The valley of the Connecticut River shows a 
drift clay of ancient origin, yet the deposit is still pro- 
gressing, resulting mainly from the abrasion of granite 
and feldspar rocks carried down by the current and 
left as a sediment, accumulating since the early history 
of this notable river. 

Extensive deposits of kaolin are found in the State of 
Georgia, almost white and free from iron. This kaolin 
will show 40 per cent. aluminum, 47 per cent. silica, 
the balance moisture and impurities. 

An immense deposit of Kaolin clay is found in Vir- 
ginia, carrying 60 per cent. aluminum and 9 per cent. 
silica, the balance moisture and impurities with a trace 
of iron. 

An abundant supply of clay adapted for the pur- 
poses of treatment by this process is found in the State 
of New York, notably in the vicinity of Syracuse. 
Large deposits are also found in some of the Western 
States and Territories, notably Colorado; generally 
the kaolin of all the deposits mentioned, except that 
noticed as Virginia, shows about equal proportions of 
aluminum and silica. 

The process herein described proposes to treat kaolin 
in its natural condition direct by heat, and includes 
making use of such fluxes as may be used to advantage 
in its reduction and concentration and delivering it 
either in the condition of oxide or metal. 

The character of furnace and method of working is as 
follows. (An accompanying sketch of furnace will help 
to explain more clearly the nature of the process.) 

Distillation under heat carried up to that degree 
which will liberate the mineral contained in the kaolin 
or other ores in vapors, conducting the vapors into a 
condensing chamber, from thence taking the condensa- 
tion automatically down and out into settlers, easy of 
access for subsequent treatment and reduction into 
metallic aluminum. 

The analogous chemical properties of zinc and alu- 


| 








APPARATUS FOR THE EXTRACTION OF ALUMINUM. 


Messrs. Bell & Co., Wurtz & Co., DeVeile, Wholer, and 
later James Webster and Freishmuth of our own coun- 
try have each made success in obtaining the metal, but 


| at such cost as to exclude its use for common purposes, 
| and thereby it has been out of reach for those purposes 


for which its inherent qualities reuder the metal pecu- 
liarly adapted. 


My process for obtaining aluminum is substantially | 
| as follows, and consists in taking the natural earths car- 


rying the metal, and treating them with calamine or 
carbonate zine ores and other fluxes. 

My formula is substantially as follows: Zine ore 100 
parts, kaolin 50 parts, carbon either as anthracite 
coal or its equivalent in hydrocarbon gas 125 parts, 
pearlash or its equivalent 15 parts, chloride sodium or 


isfactory, but enough data have already been given to its equivalent 10 parts, and may be varied somewhat, 
demonstrate that the apparatus answers very well the all these parts (exeept hydrocarbon gas when used) to 





purpose for which it was devised. 

We use the same apparatus, with some modifications 
which will be described hereafter, for the determina- 
tion of the commercial value of zine dust. 

Johns Hopkins University, Nov., 1884. 

—Amer. Chem. Journal. 


CONVERSION OF LIQUID FAT ACIDS INTO 
SOLID PRODUCTS. 


THE method of St. Cyr Radison (of Marseilles) for 
converting oleic acid, a by-product of the fat industry, 
into solid palmitic acid rests upon the reaction diseov- 
ered by Varrentrap in 1841, treatment with fused caus- 
tic potash in large excess, whereby potassium palmi- 
tate and acetate and free hydrogen are produced. 


CyHasl yo +2K¢ JH =C,,H,,KO.4+C,H,K¢ Yo+ Hg. 


The operation is carried out in a decomposing vessel | 


of wrought iron with cast iron bottom heated over an 
open fire, with a large fire space in order that the ne- | 
cessary temperature may be uniformly maintained. 


In the process of W. L. Carpenter, a closed pan pro- | 
vided with manhole, safety valve, gas exit, tube, and | that when mixed in proper proportion and subjected to , rapidity with w 
The gaseous products are passed | heat under conditions as hereinafter explained, the one | torts are also provided at their upper end with an adjust- 


stirrer is used. 


ee mixed together by grinding under heavy 
rollers. 
| It has been found that the earths or ores peculiar to 
| America carrying aluminum are mainly composed of 
silica and alumina in about equal proportion, viz , on 
javerage 50 per cent. alumina and 45 per cent. silica, 
the balance of parts being moisture and impurities. 
The union of the alumina and silica as found in the 
natural earths is a mechanical not a chemical one, and 
it has also been found that all attempts to cast down 
| the metal from the natural earths directly or by any 
process analogous to the general method of metallurgic 
operation, or to the method generally in use for the 
distillation of zine ores, have failed for the reason that 
,alumina in its natural condition as found in the various 
earths is so very highly sublimated, also so very light 
in its specific gravity when reduced into a metallic con- 
dition, that all the common methods of treating by heat 
either in an open crucible or by distillation will fail to 
cast down in any way analogous to the common me- 
| thods of treating ores. 
The method herein described consists mainly in the 








‘minum, also the similar character of their natural 
| depositions, including the low and uniform degree of 
heat at which they are fused, and from the fact that 
| the same agents or acids will act upon both metals 
equally, and hold in solution, also that the same re- 
|agents will precipitate, furnish the basis upon which 
| my method of treatment and also the character of the 
fluxes which are used contribute to the measure of 
success which has been attained. 

The furnace may be constructed so as to carry in 
number from one to several hundred retorts, each of 
which will receive for one charge about 100 |b. of the 
above mixture. 

The retorts may be of plumbago, preferably of steel 
of such temper as will not fuse under 4,000 deg. F. 
These retorts are coated on their inner surface with a 
refractory material, preferably quicklime and borax 
in equal proportion held in solution of that degree of 
plasticity that the coating may be uniformly laid upon 
the inner surface. 

The retorts are, inside dimensions 36 inches long, 12 
inches diameter, with sides, j-in. thick. They are set 
vertical in a furnace chamber separated by about four 
inches from contact with any other of the same series; 
the chamber to be heated preferably by gas to insure 
great uniformity of heat, which should be carried con- 
tinuously at about 2,500 deg. F. 

The degree of heat applied and the uniformity with 
which it is conducted will determine the length of time 
needed to effect complete reduction of the ores. 

Properly handled, the furnace should make two 
charges in 24 to 30 hours. The retorts are so arranged 
that access may be had to the contents at the bottom 
for a two-fold purpose, one to reach and remove the 
ashes and cinders occasioned by the reduction, and also 
to obtain any metallic deposit resulting from the action 
of the heat and fluxes; the other purpose, to be enabled 
at any time to project hydrocarbon gas into the re- 
| torts and through the contents, thereby giving direc- 





use of zine ore of the calamine or carbonate order with | tion to the vapors liberated into the condensing cham- 
kaolin or earths carryin alumina, for the reason that, ber, making one of the essential conditions of having 
the one metal has such chemical affinity for the other, under control the amount of heat within the retorts, 


and the one such greater specific gravity than the other, 


| also Page apa to a great extent the character of and 
ich work may be accomplished. The re- 


Geons® a coke scrubber and thence into a_ holder. | will act asa flux, and assist in liberating the oxides to able capor cover, fitted so as to be centrally placed there- 


The ¢ 
lution, sp. gr. 1°4. Decomposition begins at 290° C.; 
the most favorable temperature for the operation be- 
ing 300°—310°. At 320° destructive distillation begins, 


and steam is blown in as a preventive measure when more closely than most other deposits of mineral | same furnace. 
The process lasts 36 to 40 | 


this tem ture is reached. 

hours. The end of the reaction is ascertained by test- 

the fusing point of the palmitic acid produced, 
the method of Dalican.—Ding. Pol, Jour. 


| metals or in a metallic condition. 
The deposit of alumina in all the rocks and earths 


arge is 1,500 kilos. oleic acid and 2,800 KHO so-| be taken down together either as the oxides of the two on, also fitted centrally with an outlet pipe connecting 


leading into a condensing chamber. 


| with a main pipe 
so arranged as to be operated singly 


i 
| Each retort is also 


| is found in such sublimated condition as to approach | or in connection with a series of retorts placed in the 


to what may be stated as condensed or con 
atmosphere, and under a moderate degree o 
is expelled in such rarefied vapor as to escape ob- 
servation, 


They are also so arranged as to be 


weer fon with fresh material without disturbing the 
ea 


proper working of any other one of the same series. 
he condensing chamber to which the vapors are con- 


| ducted should be, for a furnace of 10 retorts, about 8 
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feet diameter and 8 feet long, of thin copper fitted with 
proper connection to the pipe to which each retort has 
access, also | ew pay at its outer end with an outlet 
pipe provided with a valve. The condenser should also 
be provided with an inlet pipe at its uppermost sur- 
face, projecting into the condensing cylinder for suf- 
ficient distance to allow space for a perforated cap 
through which is to be projected into the condensing 
surface water or other fluid in a finely diffused spray. 
The condensing cylinder is also provided with an out- 
let pipe at its extreme lower surface. This pipe is also 
provided with a valve to regulate the flow from the 
eondensing cylinder, through the outlet pipe, into a se- 
ries of settlers as fast as condensation has taken place. 

The furnace is also so arranged that one or more of 
the retorts may be charged with a varying mixture of 


converter, and a number of failures in this direction 
caused much delay. It is, in truth, only at the present 
time that their plant can be said to be in full working 
operation. They have, however, made several thou- 
sand tons of most excellent steel. The process having 
now passed from the experimental into the practical 
stage, definite statements in regard to its efficiency can 
properly be made. The rationale of the process has 
been carefully studied by the well known Bessemer 
engineer, Captain Hunt. The results of his investiga- 
tion have been surprising even to those well informed 
in regard to the reactions that take place in a Bessemer 
converter. 

The plant erected at Pittsburg had a capacity of 
three tons, and was, as far as possible, an exact copy 
of that used in Wales. Experience, however, soon in- 





kaolin and fluxes, or one or more may be charged with; duced several changes, such as the substitution of 
flux alone, while others of the same series may contain | ganister for firebrick in the lining, and the use of mov- 
zine or other volatile metal; while the vapors liberated | able bottoms, in order to facilitate the necessary re- 
are all united and brought into contact with each other | pairs. In all this it will be noticed that no provision is 
either on the way to or in the main condensing cylinder. | made for special chemical action other than such as 
This arrangement is advantageous for the reason that | will result from the mechanical construction. The 
the characters of the ores obtained from different lo- | metal produced is properly a soft iron rather than a 
ealities are dissimilar in their properties, and require | steel, for the per cent. of carbon is very small, in some 


change in treatment, and this arrangement of furnace 
will enable me to treat any ores that carry aluminum, 
and is intended to treat the natural earths, although 
the oxide of one or both may be substituted and treat- 
ed by this process with fair results. This furnace is also 
provided (in addition to facilities for a supply of hydro- 
earbon gas to be forced through the retorts and their 
contents while under heat) with an auxiliary furnace 
for the purpose of developing any gas (and its intro- 
duction into the main pipe leading to the condensing 


eylinder) that will assist in the condensation of the | 


vapors that are liberated by heat and forced into the 
condensing chamber. 
rangement are well adapted for extracting and concen- 
trating the mineral from any earth or ore carrying a 
volatile metal which fuses at a low degree of heat. 
This furnace will also treat with fair success most of 
the kaolin clays, and with proper fluxes, and a proper 
degree of beat, make such concentration and deliver 
the oxide of aluminum nearly separated from the silica 
and impurities, and in such condition as to be readily 
absorbed by metals in a molten state, notably iron and 
Steel, copper, and zinc, making thereby an alloy with 
those metals more readily absorbed by the metal for 
which it has the greatest affinity, also the one fusing at 
about the same degree of heat, notably zine. 

Four men should operate fifty retorts for twenty-four 
hours and proper appliance for making the mixture 


of kaolin and fluxes, charging each retort as the proper | 


amount of reduction has been reached from time to 
time as required to keep the whole number in process 
or work and make the operation continuous. 

Under the formula hereinbefore stated, and fairly 
handled by the furnace and process described and re- 
sulting therefrom, should be found in the settlers the 
oxide of zine and oxide of aluminum in proportion 
almost exactly corresponding to the proportion with 
which the two ores were mixed and placed in the 
resort. 

I have found it advantageous to use zine ore in ex- 
cess over that of aluminum ore, and for the reason that 
actually the zine begins vaporization first, and at about 
200 deg. F. below the point at which the alumina com- 
mences vaporization from the Kaolin, and hence the 
advantage of having and using appliances by which 
complete control may be had over the contents of the 
retorts, and by observation and regulation, or adjust- 
ment, of the valve on the outlet pipe of the condenser, 
one can determine at all times the character of the con- 
densed oxides. 

The metallic cover for each retort is fitted so as to be 
luted into place after the retort had been charged, and 
also may be weighted when in place to insure, in connec- 
tion with the valves projecting outward from the con- 
densing chamber, the proper amount of working pres- 
sure upon the contents of the retorts while under heat; 
for it will be observed that until the moisture carried 
by the ores and fluxes into the retorts has been expel- 
led, greater outlet for the escape of moisture and su- 
perfluous gases will be proper, which results may be 
obtained by the arrangement of furnace as described 
and shown. 

The kaolin clays alone with modified arrangement 


of fluxes,and submitted to the proper degree of heat, | Harrisburg, Johnstown, Pittsburg, Chicago, and Pue- | 


may be concentrated to that extent as to make almost 
complete separation of the alumina from the silica. 

The process of taking down the oxides into me- 
tallie form as one alloy of zine and aluminumis simple 
and not troublesome. The separation of the two metals 
is also simple, and may be made without appreciable 
loss of either. 


THE CLAPP-GRIFFITHS STEEL PROCESS. 


THIS new process of Messrs. Clapp and Griffiths is a 

neumatic system in many respects similar to the 

essemer. The main points of difference are in the 
stationary converter and the position of the tuyeres. 
These are in the sides instead of the bottom of the ves- 
sel. At first sight these differences appear very small, 
and one is inclined to doubt the statement that the 
merit of the new product depends entirely upon the 
design of the converter; yet, on investigation, such 
appears to be the case. 

Mr. Griffiths was the engineer-in-chief of the Gilchrist- 
Thomas process during its experimental period. He 
afterward devoted himself to developing his present 
principle. His associate, Dr. Clapp, was a physician of 
some prominence in one of the large iron districts of 
England. He had obtained patents for a process 
of his own, which stood in Mr. Griffiths’ way. This 
difficulty was very wisely met by a consolidation of 
their interests. Among the first converters in opera- 





In fact, this furnace and its ar- | 


| cases but eight hundredths of one per cent. The pro- 
duct has been subjected to a thorough examination, 
both mechanical and chemical. Its composition seemed 
lat first oddly at variance with its qualities. A sample 
| which contained one-half per cent. of phosphorus with- 
| stood a tensile strain of 70,000 pounds per square inch, 
| with 25 per cent. elongation and 36 per cent. reduction 
‘of area; and a rod made of the same material was bent 


into the shape of a letter S without showing the slight- | 


}est fracture. These results appear very remarkable, as 
phosphorus has always been considered the particular 
arch enemy of the iron master, the malevolent spirit 


his mine well nigh worthless, his manufactured pro- 
duct brittle, his very hair gray and dead. But now it 
‘seems that the element has been sadly slandered, 
and that in reality it is not an evil constituent, if 
kept in the right company. In the new process it is 
rendered harmless by the almost total elimination of 
both carbon and silicon. It was no secret in the labor- 
atories ten or twelve years ago that the brittleness or 
eold-shortness of phosphoric irons was a result of a cer- 


tain incompatibility, we might say, between this ele- | 


ment and carbon and silicon, rather than of any inher- 


ent quality in the phosphorus itself; but since irons | 


|could be made without this element, and the former 
ones were always present, phosphorus continued to 
remain the scapegoat of the metalloids; for upon its 
head were heaped all the sins possible in an iron, and, 
like the ancient goat, it was allowed to escape to the 
wilderness, or rather, when its presence was known or 
| suspected, to remain there. he Bessemer process 
javoided the question; it received only the purest pig 
irons into its exclusive society. The basic processes, 
on the other hand, courted the unwelcome element— 
‘the more the merrier—and by presenting to it the 
stronger affinities of lime and magnesia, —— it asa 
phosphatic slag. The Clapp-Griffiths is the first pro- 
| cess to make a good steel—for so the product is called, 
|in spite of the small amount of carbon present—from 
the ordinary grades of pig iron without making par- 
| ticular provision for getting rid of the phosphorus. It 
is from this possibility that its greatest victory will 
result; for Bessemer pig is expensive and basic dephos- 
phorization is expensive; but this process is cheap, and 
lts product, as we have seen, is ona with the 
best. In the information thus far published in regard 
to the process, this distinctive feature has been dwelt 
upon particularly, for it promises to revolutionize both 
| the traditions and practices of iron men. 

It is hardly extravagant to fancy, with this product 
permitting a half per cent. of phosphorus, and the 
Gilchrist-Thomas process calling for more worlds to 


which danced continual attendance upon him, making | 


. 
ted Rosicrucian, Dr. Hood, whose writings became 
famous, is said to have reached a hundred years. 

Modern science has recently made more startling dis- 
coveries than were those dreamed of by the alchemist. 
The possibility of prolonging life hasthroughout all ages 
been deemed worthy of notice by great thinkers, 
among whose number the illustrious Bacon and Huf- 
land are enrolled. In the following remarks I shall 
endeavor to give the latest scientific knowledge rela- 
tive to this interesting and, in some respects, novel 
subject. 

Premature age, as engendered by various mental and 
physical causes, excesses, etc., does not come within the 
scope of this short paper. The principal characteris- 
ties of old age, as demonstrated by anatomical research, 
are a deposition of fibrinous, gelatinous, and earthy 
material in the system. Every organ of the body, dur- 
ing old age, is especially prone to ossific deposits. The 
earthy deposits have been found to consist primarily of 
phosphates and carbonates of limes combined with 
other calcareous salts. 

According to the researches of Dr. Williams, of Eng- 
land, man begins in a gelatinous and ends in an osseous 
or bony condition. From the cradle to the grave a grad- 
ual process of ossification is undoubtedly present; but 
after passing middle age the ossific tendency becomes 
more markedly developed until it finally ushers in 
senile rer apne These earthy deposits during old 
age materially interfere with the due performance of 
function by the organs; hence we find imperfect cireu- 
lation in the aged; the heart gradually becomes ossi- 
fied, the large blood vessels blocked up with calcareous 
matter, and nutrition hindered. 

A distinguished physiologist says: ‘“* If repair was al- 
ways equal to waste, life would only terminate by ac- 
|eident.” Andit is the opinion of eminent scientists 
that the majority of all who pass sixty-five years suffer 
more or less from these ossific deposits. Therefore, 
bearing these facts in mind, we plainly see that the 
real change which produces old age is in truth nothing 
more or less than a slow but steady accumulation of 
caleareous matter throughout thesystem; and it is ow- 
ing to these deposits that the structure of every organ 
is altered, thus elasticity giving way tosenile rigidity. 
Blockage of various organs thus commenced, and soon- 
er or latera vital part becomes involved, and death of 
necessity follows. The idea that old age was brought 
about simply, or at all, by a decline of the vital prinei- 
ple has long since been discarded by scientists, and the 
true cause found to be that of gradual disintegration 
of the tissues because of the inadequate supply of blood. 

Again, quoting from Dr. Williams, this process is be- 
lieved to be of a chemical nature, consisting in the con- 
cretion and accumulation of calcareous salts, ~~ 
phates, and carbonates of lime. The causesof old age 
therefore being nothing more nor less than ossific de- 

,0sits, let us for a moment look for the causes and in- 
uences leading to the condition we have described; 
for having arrived at the predisposing causes of senile 
decay, it yet remains for us to gostill further, and seek 
| out their origin. 
The two principal causes of old age are, first, fibrin- 
|ous and gelatinous substances; and, second, calcareous 
|deposits. According torecent researches of Delany 
| Evins, the origin of the first, the fibrinous and gelatin- 
| ous, may undoubtedly be traced to the destruction of 
| atmospheric oxygen, and demonstrable by the follow- 
lin argument: 
fa the air we breathe the relative proportion of oxy- 
| gen to nitrogen is 22 to 78; andalthough oxygen is in 
| far smaller bulk, yet it is the most active element. Now, 
oxygen has an affinity for every other element except 
| fluorine; and as oxygen plays by far the most impor- 
tant part in these chemical changes constantly at work 
|in the economy, life itself is but a constant waste by 
| oxidation and reparation by food. In the blood exists 
}albumen and fibrin, themselves resolved into compo- 











| conquer in the shape of saturated phosphoric ores, that | nent parts, carbon, hydrogen, nitrogen, oxygen, sul- 
the time is almost at hand when the mine owner—bless | phur, and phosphorus. Fibrin, it is claimed, contains 
his soul for honesty!—will triumphantly assert, ‘‘ We | one and five-tenths more oxygen than albumen. Now, 
claim such and such an amount of phosphorus,” instead | oxygen converts albumen into fibrin, fibrin itself being 
of stating as formerly, with a doubtful air of authen-| but an oxide of albumen. Although unquestionably 
ticity, and a nervous twitch around the corners of the | fibrin nourishes the organs of our body, yet it becomes 


mouth, ** Our ores contain no phosphorus; or, ah! onl 
a trace.” The Bessemer plants in America, thoug 
|eapable of such an enormous annual output, are not 
numerous. When one has named Troy, thlehem, 


, blo, the list has been almost exhausted, for it is an 
|industry which must invariably yield to the concen- 
trating tendency, so large are the operations and so 
great the capital employed. The plant of the Clapp- 
Griffiths process, on the contrary, is comparatively 
small and inexpensive. It is expected that its applica- 
tion will be chiefly in connection with the blast fur- 
naces of the country, where the iron could be run 
| directly into the converter, and at an expense of only 
| about $4 per ton could be brought into the market as 
steel ingots; a product, at the present prices, of fully 
double the value of the pig iron. At the experimental 
plant in Pittsburg, the cost of conversion into steel 
was $6.50 per ton, but when operating on a regular 
working scale, with the improvements already intro- 
daced, Mr. Witherow states that he is confident of 
much better results; he estimates that the cost will be 
about $6 per ton at mills, and from $3 to #4 at furnaces. 
The cost of converting a ton of pig metal into muck- 
|bar at Pittsburg is $12.50, so that in this respect the 
new process compares very favorably. The gentlemen 
interested in the process have modestly refrained from 
sounding the death knell of the oft doomed puddling 
furnace, since its funeral dirge, long since composed, is 
still unsung on aceount of the uncommon activity of 
the “remains.” To make no positive assertions, it 
| does seem probable, however, that the terrible toil of 
, the sweating, half-naked puddler is to be superseded 
by something at once more effective and more humane. 


tion were the small one erected at the tin-plate works | 
in Newport, and one of three tons capacity at Magrins, | 
in Wales. These apparently insignificant plants did , 
such good work, anc gave such a notable product, that; THE POSSIBLE SUSPENSION OF OLD AGE. 
the attention of American iron masters was called to | 

the subject. In the summer of 1883 Messrs. Witherow| Dr. 8S. W. CALDWELL thus writes in the Mississippi 
and Oliver, of Pittsburg, made a visit to Wales, and, | Valley Medical Monthly: 

after a personal inspection of the process, secured the| In bygone times those profound mysteries and meta- 
patents for the United States. In the fall of that year, physicians, the Rosicrucians, and still later the Al- 
a. i a the construction of an experimental plant | chemists, claimed to have discovered the elixir of life. 
at Pittsburg. Like all pioneers, bag Bam to meet and They asserted that old age might be retarded and life 
overcome a great many difficulties. Theirs was princi-! considerably prolonged by means of an elixir, prevent- 


pally in obtaining proper materials for the lining of the ing or rather suspending physical decay. The celebra- 
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| at times, as we reach the cool and shady walks in the 
| evening of life, accumulated in redundant quantity, 

blockading the streams of life as doth the chilling winds 
|of winter the mountain rivulets. There is always a 
struggle going on in our bodies between accumulation 
| and elimination, and thus it is that the fibrinous and 
|gelatinous accumulations of old age are chiefly 
| traceable to chemical action of atmospheric oxygen. 

The calcareous deposits next claim our attention, be- 
ing proved by anatomical investigation to be peculiar- 
ly characteristic of old age, In the human body water 
forms seventy per cent. of its aggregate weight; in fact, 
there is not a single tissue but contains water as a ne- 
cessary ingredient. Now, water holds certain salts in 
solution, which become more or less deposited, notwith- 
standing the large proportion eliminated through the 
| secretions. Wovertheiees it is but a question of time 
before these minute particles deposited by the blood 
have a marked effect in causing the stiffness and arid- 
ity of advanced life. The reason why in early life the 
| deposit of earthy matter or salts is so infinitesimal is 
_simmply because they have not had time to accumulate. 
Besides providing the requisite elements of nutrition, 
food contains caleareous salts, which upon being de- 
posited in the arteries, veins, and capillaries, become 
the proximate cause of ossification and old age. Mr. 
Lewis, an eminent English scientist, in his Physio- 
logy of Common Life, says: ** Moreover, in f we 
are constantly introducing different substances which 
»roduce variation in the nutrition of the parts. 

hese different accumulations exert their influence in 
those changes named age, and they culminate in the 
final change named death.” - 

Having now traccd the primary existence of calca- 
reous matter to food itself, it is consequently a subject 
of no small moment to ascertain the various dietetic 
articles containing these salts. As a matter of fact, 
everything we eat does contain them to a greater or less 
degree. The cereals are found most rich in them; so 
bread itself, the so-called staff of life, except in great 
moderation, most assuredly favors the deposition of 
these salts in the system. he more nitrogenous our 
food, the greater its percentage of calcareous matter ; 





thus a diet composed principally of fruit, from its lack 
of nitrogen, is best . ted for preventing or suspend- 
ossification. 


in eating must ever be of great value as an 
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agent for retarding the advent of senile decay. 


eaters more rapidly bring on ossific deposits by taking 
in more than is utilized or excreted, naturally resulting 


in blockading the vessels and destroying their normal 
functions. According to the best authority 
been able to consult, the following seem” to be the best 
articles of food, as containing the least of earthy salts : 
Fruit, fish, poultry, flesh of young mutton and beef 
because, as before stated, of their being less nitrogen- 
ous, 
All well and spring water contains considerable 
of the earthy salts, and should therefore be avoided, 
and cistern water used in its stead, because water is 
the most universal solvent known. Therefore, if when 
taken into the system clear of foreign matter, it is to 
that extent the better prepared to dissolve and take up 
those earthy salts, and convey them out of the system. 
The addition of tifteen or twenty drops of dilute phos 
phorie acid to the glass of water, and drank three times 
a day, will add to the solubility of these earthy salts, 


THE TROCHOIDED PLANE.* 
By LAWRENCE HARGRAVE. 


I HAVE been told that the subject of this paper is 
one that would interest the members of this Society, 
and therefore I have strung together my thoughts, ex 
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| finite series of planes, that are trochoidec 


periments, and deductions that 
the trochoided plane, pointing out 
working with it, and how it can be used by man for 
the transmission of foree; and I trust that if other 
members have heard of or made similar observations, 
they will bring them forward, so that my mistakes may 
be corrected by comparison with the ideas of others, 
and also that the truth may be elicited about a matter 
that does not seem to get its fair share of investigation. 

I will first endeavor to make clear what I mean by 
the several terms I use, or have had to invent, in de- 
scribing the action of the trochoided plane. 

The *trochoided plane” is a flat surface, the center 
of which moves at a uniform speed in a cirele, the 
plane being kept normal to the surface of a trochoidal 
wave, having a period equal to the time occupied by 
the center of the plane in completing one revolution. 

By." normal” is meant tangential to ian undulating | 
surface. 

“ Orbit” isthe path of any particle of a substance 
through which undulations are being passed. 

“ Crank ™ is the radius or radius-vector of the orbit. 


fF”) 


refer in any way to 
where I see Nature 





FICJL 


“ Connecting-rod is the line at right angles to the 


I have 


Fluids, as part of the diet, are of special import, | 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 490. 


fa. , . Pre . 
Large | tion; the length of a trochoidal wave is equal to the 


length of the orbit of a particle divided by the co-tan- 
gent of the pitch-angle. 

* Pitch-angle” is the angle contained between the 
erank and connecting-rod, when the trochoided plane 

‘is at half the height of the wave; it is also the angle 
contained between the trochoided plane and the guides 
when in the before-mentioned position. 

By “‘ the guides,” I mean that straight line drawn by 
the end of the connecting-rod farthest from the trochoid- 
ed plane during the passage of half a wave. 

the * trochoidal wave” way be defined as the projec- 
tion of a right helix on to a plane parallel to its axis, 
and is resolvable into an infinite number of trochoided 
planes. 

The * prolate-cycloidal,” ** cycloidal,” and “ curtate- 
cycloidal” waves are the projections of the helix on to 
a plane that is at various angles with the axis of the 


helix. If we take a right cylinder, and cut it diagonal 
ly, and open the two eylindrical parts out flat, we get 
| two trochoidal waves or curves of sines. 

If one circle touch another internally, and we cut 
through the cireles at the point of contact, and open 
out the figure till the circumference of the small circle 
becomes a straight line, the resulting figure will be 
bounded on the other side by a curve of the same class. 

The line drawn on a uniformly moving sheet of paper 
by a pendulum swinging at right angles to the line of 
motion of the paper is also the trochoidal wave. 

If the waves are prolate-cycloidal, the orbits of the 
particles are elliptic, and the erank or radius-vector 
follows Kepler's second law, describing equal areas in 
equal times, the focal distance being measured from 
the crest of the wave; the connecting-rod varying in 
length from the foeal distance to infinity, and it is 
obvious that when the distance of the foci becomes 0, 
the waves are trochoidal and the orbit is a circle. 
| Itis evident that if the weight of the moving parts 
be neglected, it is immaterial at which end of the con- 
necting-rod the trochoided plane is placed, and that 
waves nay be thrown or generated by a plane, or in- 

{ in unison ; 
and that each plane may be trochoided by moving the 
ends of the connecting-rod or its continuations in the 
various combinations of the straight line; circle, and 
ellipse, and doubtless other figures; but each combina- 
tion is reducible to the simple principle of the plane at 
right angles to the connecting-rod, moving in a circle, 
and guided by a straight line. 

The area of the triangle that is bounded on two 
sides by the crank and connecting-rod is directly pro- 
portional to the thrust at right angles to the guides; 
and the thrust is greatest at the center, and decreases 
gradually to the sides of the column of matter acted 
on by the trochoided plane, so that there is no violent 
disruption of any two parallel streams. 

If | have succeeded in communicating my views with 
regard to the motion of a plane surface when acted on 
by an undulating one, and the converse, it will be 
obvious that if the undulating surface is rolled up into 
a cylinder, with the axis parallel to the direction of 
propagation of the waves, the same reasoning will hold 
good, and reduce the examples of cylindrical waves to 
plane waves; but when we consider the action of the 
particles composing the axis of the cylinder, it becomes 
necessary to explain the spherical wave. 

Let us suppose a spherical shell to be composed of 
any elastic medium, also the polar axis to be similarly 
constituted; let the point of bisection of the polar axis 
come exactly between two of the particles composing 
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the spherical shell will be moving radially and harmon- 
ically with the two central vibrating particles. Any 
number of atoms may be conceived as being at the cen- 
ter, and completely filling the sphere, vibrating in 
every direction, causing any number of spherical waves 
on the spherical shell, crossing in every direction. 

If we take the converse of this, and suppose the 
equatorial particles, or those in any parallel of latitude, 
to be set vibrating in unison, radially, the resultait 
will be an intensified vibration of the polar axis longi- 
tudinally; this is closely analogous to a sea wave meet- 
ing a vertical obstruction, and causing that horizon- 
tal downward-moving vortex that is so destructive to 
the foundations of steep smooth marine structures in 
shallow water. Where this occurs, the practice is to 
tumble in loose blocks of stone or concrete, the effect 


of which is to break up the vortex, and rob it of it< 
power. 
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Our Sydney summer thunaer-storms often show this 
atmospherically ; the sun’s heat over the land causes 
the sea-breeze tocome in from the N. E. with increasing 
foree as the day advances, and the heated air returns 
to sea by an upper current from the 8. W. There is an 
upward current at the Blue Mountains, or where the 
sea-breeze takes off in force, and heavy cumulus clouds 
gather, their tops being drawn out by the return cur- 
rent in long streaks pointing seaward; toward evening, 
if more air comes in than can readily be restored by 
the upper current, a plenum is formed, resulting in an 
uprush, sudden cooling, and downfall of air at the cen- 
ter of the disturbed area, that produces a horizontal 
vortex, which pushes itself under the sea-breeze, and 
shows its presence by a long roll-shaped cloud, rotating 
on its axis, the upper surface moving from N. E. to 8. 
W., the under surface almost touching the tree tops, 
moving from 8. W. to N. E. Sometimes the thunder- 
storm comes without this characteristic cloud, some- 
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times there are two of them; there is a similar roll- 
cloud often seen on the pampas of South America, de- 
scribed, I think, by Dr. Gould. I believe ‘am correct 
in saying he does not account for its formation in this 
manner. If we substitute the trade winds, equatorial 
ealms, and return trade winds for the sea-breeze, 
plenum, and return 8. W. upper current, the result is 
one or more hurricanes or cyclones instead of the roll- 
cloud. 

Allied phenomena are those witnessed when a drop 
of water falls into water; if the drop falls from a short 
distance, only ring waves are formed; if from a height, 
the drop seems to make a hole in the water, as well as 
the ring waves, and the closing up of this hole sends up 
a peak with sufficient force to detach another drop 
from its point. 

Also, if a large drop be allowed to fall from a height, 





it, which two particles we will set approaching and 
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receding from one another; this will send an equal 





trochoided plane; the length of the connecting-rod is 
equal to the crank multiplied by the secant of the pitch- | 
angle. I used to call this the normal to the troehoid, | 
but to avoid confusion I shall in future call it the con- | 
necting-rod, unless some one points out its (cue mathe- 
matical designation ; radius-vector of the trochoid 
seems a good name also, but not so descriptive as con- 


necting-rod; every one knows what a connecting-rod of | of the — composing the sphere will at first be 


a reciprocating engine is, and its familiar motion. 
* Pitch,” or length of wave, is the distance of waves 
from erest to crest, measured in the line of propaga- 


# Read before,the Royal Society of N.S. W», 6 August, 1884, 


series of waves of extension and compression through 
the two halves of the polar axis, culminating in the 
pushing out and pulling in of the poles synchronously, 
/and the generation of a series of ring waves passing | 
}over each hemisphere, meeting at the equator, and 
| crossing each other to the opposite poles. The orbits 








long ellipses; as the waves recede further from the poles, 
the orbits become circular; one wave length from the 


equator they become elliptic again ; at the equatorial | supposed string of spherical 


it will be seen that after it has attained a certain speed 





 £ 


it will leave its spherical shape and spread out into an 
irregular ring; the movements of the particles of the 
ring being similar to those composing a smoke ring. 

But to return to the spherical wave; if one of the 
central particles bears an infinite proportion to the 
other particle, the vibration of the smaller one will 
send waves through a sphere surrounding both, result- 
ing in an cqual vibration of the antipodes of the smaller 
particle. 

When this action of spherical waves is applied to the 
rticles composing the 


plane they move radially to the sphere, and after one | axis of a cylindrical wave, it is obvious that we may 


wave has reached the opposite pole, every particle of | conceive the great circles 


passing through the spheres 
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particles, as being shoved out of shape or made ellip- 
tical, first transversely, and then longitudinally ; stated 
otherwise, the pulsation of the spherical icles is 
their vibration or change of form from the ellipsoid to 
the oblate-spheroid ; here, I take it, we are brought 
face to face with one form of infinity. 

From this it is evident that if the ultimate composi- 
tion of a cylinder be elastic spherical atoms, the organ- 


ized pulsation of these atoms in unison will produce | 


waves on the surface of the cylinder, and the converse 
proposition will also be true, that is, if the pulsations 
be produced in a pipe covering the cylinder, the waves 
will be communicated from the inside of the pipe to 
the contained matter. 

| will now state my views as to the formation of vor- 
tiees by an imperfect plane passing end on through a 
viscous medium. . 

If the plane is perfect and of no thickness, and the 
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medium homogeneous, no vortex can be formed; but if 
the plane has imperfections, at approximately equal 
distances, zones of compression and tenuity will be 
formed at and between the imperfections, and their 
amplitude will constantly increase as they recede from 
the leading end of the plane, the stratification of the 
medium parallel! to the plane becoming prolate-cyeloid- 
al. When the proportion between the amplitude of 
the disturbances and the wave length or distance 
apart of two zones of compression exceeds that of one 
to two, or the prolate-cycloid passes into a curtate- 
eycloid, vortices will be formed in the loops, and go on 
increasing in diameter till they nearly equal the wave 
length, when anti-vortices will be formed between 
them that either break up the system of waves, or begin 
a fresh series farther out from the plane. If the force 
acts at right angles to the plane, a vortex is generated 
behind the plane 

A breaker shows the vortex initiated vertically, but 
gravity prevents its coanplete formation. 

A common instance of this action is seen in the skin 
of eddying water that adheres to the side of a vessel in 
motion, and it is my opinion that vortices formed in 
this way eat away the tips of serew-propeller blades in 
the unaceountable manner we so often see them. I 
may also add that the pitting of the interior of steam- | 
boilers at and near the water-line is to my mind clearly | 
the mechanical action of vortices formed by the rapid | 
circulation of the water. 

This brings us to a considerable distance from where | 
I started with the plane wave, but I thought it best to | 
indicate the natural sequence and deductions that fol- 
low from the trochoided plane to the vortex, and will | 
now try toshow some natural movements of matter 
and mechanisms that I associate with the different sorts 
of waves. 











and the longitudinal axis of the string ofs yherical | 


First, about ocean waves, we find much has been 
written by the late Mr. Scott Russell and others, deal- 
ing with their form, and the motion of the particles 
composing them, about the forced wave and the free 
| wave; but no one, as far as I have read, seems to note, 
| when dealing with the trochoidal form, the motion of 
| the imaginary line that I call the connecting-rod, and 
| which appears to me to be as important in describing 
| that wave as.the radius is to the circle (this is probably 
due to the form of long free ocean waves being approw- 


that the connection of the trochoidal wave and tro- 
choided plane with our simplest mechanical movement, 
the coum and connecting-rod, opens up a field for the 
development of engineering talent as extensive as the 
discovery of the screw did when our mechanisms were 
limited to the use of the lever and wedge. 

The power may be abstracted from the swell of the 
ocean by means of the trachoided plane, thus: take a 
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flat float, and rigidly connect a plane at some distance 
below parallel to the float, and it will be found that 
the plane and float alternately pull each other in the 
direction of propagation of the waves, the result being 


that the apparatus progresses through the water faster | 


than a float without the plane attached. 

If the plane is fixed vertically, or at right angles with 
the float, the resultant is in a direction contrary to 
that in which the waves are moving. 

Again, if two floats are connected by linkwork end to 
end, and separated by a distance equal to half a wave, 
the trochoidal movement of each float may be used to 
propel the whole concern. 

From this it follows that when a vessel has another 
in tow in a seaway, the length of the hawser should be 
such that both vessels are as near as possible to the 
crests of waves at the same time; if there is a cross sea, 
this is impossible; if the sea is at all regular, attention 
to this, weather by accident or design, saves many a 
savage jerk to the tow-line; the distances, 44 wave, 1'¢ 
waves, 24g waves, are obviously those to be most avoid- 
ed. 

I will now draw your attention to the motion of liv- 
ing organisms, and how their movements seem to me 
to have a common origin, and that the trochoided 
plane is the mechanical power almost universally used 
by Nature for the transinission of force. 

The backfin of a fish is a good example to begin with; 
observation will show that the ends of the spines that 
keep the membrane extended are points in the curve 
of sines, or trochoidal waves, 
ed on their axes in unison, or oscillated from side to 
side harmonically, a series of complementary waves will 
be thrown by the membrane toward the tail; the cross- 
section in the first case is an isosceles triangle, and in 
the second a sector of a circle; the membrane of the 
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and that if they are rotat- | 





. . 
| tail is trochoided similarly, so as to raise or depress the 
head ; the Grblate-ovehoidal wave is also used im fin 
| Swimining. This action of fins is best seen when fishes 
are confined in a bowl, and -appears to me to be only 
| used when the speed required does not necessitate th: 
| use of the large muscles of the body; the converse oi 
this proposition is seen when the wind makes trochoid 
lal waves on a fluttering flag. 

The geometry of body swimming may be seen in its 
simplest form in a slow-moving organism like the leech. 


imately trochoidal); and I do not hesitate in saying| You will observe that the head is raised and thrust for- 


ward, depressed, and drawn backward, describing a 
| circle for each undulation that is passed through its 
frame; as the motion increases in rapidity, the circle 
becomes an ellipse, and then a straight line, Then we 
| want to know how the undulations are produced in its 
frame; here the cylindrical wave comes to our aid, and 
it becomes evident that if two cylindrical muscles be 
inclosed in a skin (take the swimming of the eel as the 
| type), anda series of waves be passed through each 
|musele, such that the thick part of one wave is abreast 
| the thin part of the wave on the other side of the eel, 
the backbone and skin will necessarily take a trochoid- 
lal form, and as long as the waves are generated the eel 
|must go ahead. 

It will be observed that if the fish or eel is swimming 
| with its body, and the fins on the back and belly are 
| kept rigidly extended, they serve to increase the tro- 
| choided surface. The body swimming of fishes reaches 

its extreme form in the sunfish, whose powerful body 
| cuts trochoids of extreme length in proportion to their 
j auplitude. 

Porpoises, when rolling, seem to cut vertical prolate- 
eycloidal Waves, and they blow when passing the crests; 
the horizontal position of the tail is well adapted for 
this mode of progression. 

If the top edge of the taikof a schnapper, or other deep 
fish, be twisted to one side, and the lower edge to the 
other side, and the trochoidal action of the body con- 
tinued, the fish at once turns on its side, and will thus 
be able to dive suddenly. 

The effect on the water of this action of fishes that 
are long enough to contain a number of waves in their 
length is a tendency to produce right-handed vortices 
on one side, and left-handed ones on the other, so that, 
after the fish bas passed, the two series gear together, 
as it were, like a train of equal sized cog-wheels. . 

If we conceive the action of the backfin, as thus de- 
scribed, to be communicated to a series of legs on each 
side, asin the centipede, the effect will obviously be 
me tere: along a surface; and if we cut off all the 
egs but two pairs, separated by a distance equal to one 
wave length, we have the quadrupedal action popular- 
ly assigned to the giraffe; if the two pairs are only half 
a wave length apart, we have the trotting pace of a 
horse, and the various other paces become clearly de- 

vendent on the length of the wave used by the animal. 
| ‘The legs and body of an alligator or lizard show the 
connection between many-legged and four-legged pro- 
gression, as well av any one instance I can point to; but 
| it is impossible to define any hard and fast line between 
any two classes, as the more instances of progression 
we notice, the more it is forced upon us that they are 
but links in a chain, the two end links of which are un- 
known, while any two adjoining links are hardly dis- 
tinguishable. ‘The swinging of the hands and arms in 
walking or running is evidence that bipedal is evolved 
from quadrupedal progression, which to me seems to 
have developed from the trochoidal action of a fin. 

When the amplitude of the waves is in a vertical 
plane, each pair of legs is moved together, and the form 
of the wave is plainly seen in the back of a dog when 
going full split; this method of progression reaches its 
extreme form in the hopping birds. 

Slugs, and other so-called one-footed organisms, 
move by a beautiful application of the trochoided 
plane; their mode of progression will perhaps be best 

understood by examining the converse movement, as 
exemplified in the fluttering of a flag, in which case, as 
I pointed out before, the passing wind communicates 
ripples to a stationary flexible plane; in the slug the 
ey on its base are applied to the surface across 
which it wishes to move; the crests of the ripples are 
| transversal to the longitudinal axis, and move toward 
the tail; the slime is a great aid in passing over a 
smooth surface, as a partial vacuum can be formed in 
the hollow of each wave; if the surface of the slug’s 
foot jis covered with cilia, the undulatory motion of 
| these may be conversely seen on a field of waving corn 
as the breeze passes over it; the mode of progression of 
some caterpillars is parallel with that of the slugs. 

In order to make this more than mere theory, it be- 
came necessary to pursue one of two courses: either to 
go in for an elaborate system of instantaneous photo- 
graphy in connection with a chronograph, or to make 
some models, the geometrical construction of which 
would show the trochoided plane, and the outward ap- 
pearance and movement of the apparatus would ap- 
peal direct to the eye. I have adopted the latter 
course, for several reasons, the principal one being that 
the first method, besides being very expensive to me, 
would only be accessible, if understood at all, by the 
few; while the second course is now within the reach 
of any boy who can handle a few tools. As these are 
experiments that I venture to call capital, it will be 
excusable if the details seem rather trivial. 








The simplest trochoided plane may be constructed 
by attaching a flat surface at right angles to the con- 
necting-rod of the ordinary crank and connecting-rod 
motion of the reciprocating engine; and if two of these 
be coupled with the cranks at right angles (Fig. 1), the 
sum of the sectional areas of the columns of wind or 
water, acted on by the two planes, will be the same at 
every point in one revolution; and if the apparatus be 
placed so that wind or water act on the planes at right 
angles to the guides, a uniform rotary motion will be 
communicated to the crank-shaft; if we rotate the ma- 
chine by steam or hand, motion is communicated to 
the air or water by the two planes. 

If two oar-like planes (Fig. 6) be protruded verticall 
under the counter of a vessel, and trochoided throne 
ball and socket joints or cross-journals, the connecting- 
rods and guides being inboard (as was shown in the 
largest model), it will be found to possess several 
advantages as a propeller that are not to be despised; 
it seems impossible to foul it, as no amount of floating 
canvas, nets, or ro} could be twisted round the 





blades; the blades would be no impediment to oy 1 
uous, as the steering 
; the engine would not 


and a rudder would be 
éffected by rotating the 
i 
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need reversing gear, and the pitch could be made easily | of the wings, and flight is the resultant of gravity and 
adjustable by altering the length of the connecting-rods | the waves of air being thrust downward and backward 
of the propellers. by the wings. The part played by the plane of the 
Again, if we take two floats that offer equal lateral | body and tail in flight is the same as that of the second 
resistance (Fig. 2), and fix a bar in the center of each; plane in Fig. 2. I have not put the second plane in all 
float at right angles to the vertical longitudinal section, gs, a i f 
then put a rotating crank with the shaft vertical in | power of the machine is sufficient to overcome its speci- 
the center of one of the floats, and a guide of some de-/| fie gravity. (Fig. 5 and all subsequent models have 
scription on the bar of the other float, unite the end of the second plane.) Peacocks’ tails and the plumes of 
the bar from the crank-float to the guide, and the end | birds of paradise are a hinderance to flight, and the 
of the bar of the float that carries the guide to the effects of sexual selection. 
erank-pin, and it will be seen that the whole apparatus The same action takes place in the wing that I men- 
will be propelled through the water by rotating the| tioned about the leech’s head, and is equivalent to 
crank: this is like a common feat with skates on ice. | sliding the plane along the connecting-rod toward the 
Two wheels may be substituted for each plane in this | guide-pin, so that the center of effort moves first in a 
model for motion on a surface, but the results are un-| circle, then in an ellipse, and finally in a straight line. 
satisfactory. I have shown the first and last movements in Fig. 7 
If a pair of equal floats be made with a total ~ and Fig. 3. : ; 
ment exceeding that of a man, it will be founc These are the motions we often see when the passing 








ylace- 
that 


| the models of wings, as I think it useless before the | 


_— 


erank, guides, and connecting-rod can be dispensed | breeze sets a blade of grass rotating; it is common | 
| we find very varied forms of metamorphosis within the 


with, and that the floats can be trochoided by the feet. | with flat leaves having thin stalks, and must have been 
The steering is effected by bearing a little heavier on| observed by every one present. Fig. 7 will show the 
the float toward which it is wished to turn; the in-| geometry. 

creased skin resistance will do the rest. The total| These remarks refer to all wings, but, in addition, it 
absence of mechanism will commend this form of exer-| is observable that jointed wings can be trochoided by 
cise, and I hope to see it become a feature in our regat- | opening and shutting the wing, the connecting-rod 
tas. working in a vertical plane transversal to the line of 

But these experiments are not calculated to convey | flight. 
to every eye the identity of the trochoided plane with| A little consideration will show that turning, rising. 
the mechanical power used by a fish in swimming, so it l 
was thought necessary to make something with a gen- the position of the center of gravity, and the direction 
eral likeness to a fish, and cut it up into a number of | the waves are thrown in; by depressing one side of the 
sections, and unite the sections again so that they were | tail, and raising the other, a portion of the thrust is 
free to move from side to side on vertical hinges (Fig. | directed to one side; and in the construction of a fly- 
4). Each section was provided underneath with a keel, | ing-machine, it is an unnecessary waste of power to try 
and every alternate section had a vertical guide stuck | to lift the enormous rudders that are given such pro- 
in its center; the section correspending to the head of | minence to in many of the schemes we see depicted. 
the fish was enlarged so that it was able to float a coil-| As to the soaring of birds, that branch of flight has 
ed spring driving a wheel and pinion; on the end of| been well argued lately in Nature, and it is quite 
the pinion shaft was soldered a right helical wire; the | clear to me that the birds work the upward and down- 
diameter of the helix was made equal to the amplitude | ward currents of the air, the existence of which is plain- 
of the trochoidal waves it was intended the model} ly shown by the form of clouds and smoke. 
should use, and the pitch was made equal to the wave| Natural selection and the survival of the fittest ac- 
length. The forward end of the helix was brought | count for the development of the wing membrane on 
into the center, as if it had been twisted round a| the afterside, and its curtailment on the leading edge 
spindle instead of a cylinder; this helical shaft was | of wings, and not as I have made it in the models equal 
rove through the guides on the alternate sections of | on each side of the quill: it isso constructed because I 
the model, and, as you saw, trochoided all the planes | recognize. the course the evolution of artificial flight 
together, and made the model swim in a surtkiogte will take, and that in its first stages the motion will be 
natural manner; by drawing the model tail first | slow; and, as we gain confidence in the construction of 
through the water, the operation is reversed, and the | the machine, we shall notice that by leaning our body 
trochoided planes wind up the spring. This model is | in the direction we wish to go, that is, altering the posi- 
remarkable for the diminutive nature of the motive tion of the center of gravity, and reducing the speed of 
power, the easy trochoiding of the planes, and the| the planes, our object will be attained; and then we 
small percentage of slip. | shall find the leading edge of the planes will be liable 

Here I would remark that a running stream offers | to double up and get damaged, making it necessary to 
a good field for investigation on this subject; however | follow in the footsteps of Nature. 
straight its channel is cut, it will, if left to itself, mean- 
der, and the bends work down stream. This may be 
best seen when the stream runs through an alluvial 
flat; it will be observed that the down stream sides of 
the bends are continually being washed away, and 
that deposits are made on the down stream sides of the 
points. 

If the upper ends of the guides in the last-described 
model be connected to a rigid bar, the motion of the 
helical wire will make the guides, or an elastic web 
covering them, take the form of a fin, showing the 
action I have previously described. 

Again, if a number of pieces of wood be rove loosely 
across a rotating helical wire, the ends of the pieces 
will be trochoided like the legs of a centipede; owing 
to difficulties about making the clawing apparatus, 
this was made to float in water, and you had an op- 
portunity of judging for yourselves whether or not it 
proved the truth of my deductions.* 

I will now direct your attention to the swimming of 
that common jelly-fish (medusa), as being a slow and 
easily observed case of cylindrical waves; watch closely 
the movement of the equatorial ring of its hemispheri- 
cal head, and the path described will be seen to be 
similar to that of a zone of particles in a smoke ring ; 
the equatorial ring moving forward when most con- 
tracted, and backward when most expanded; the 
superficial resultant being annular or cylindrical tro- 
choidal waves thrown backward, and the motion of 
the jelly-fish forward. 

The progress of an earth-worm through a cylindrical 
hole is another obvious case of cylindrical waves, and 
from the worm’s movement on a flat surface it appears | 
capable of throwing more than one wave toward its 
tail at the same time, or, in other words, that its body 
is longer than a wave length; in this case the motion 
of the rings is evidently not circular, as in a smoke 
ring, but very elliptical, with the major axis parallel 
to the direction of propagation of the waves. 

If you note the mechanical action of swallowing, it 
will be evident that it is the converse of the motion of 
the worm; observe the jaws or mouth open and thrust 
forward, closed and drawn back for a fresh bite, the 
prey being forced to the stomach by a similar move- 
ment of the rings of the gullet. 

The trochoidal action of fins, muscles, and legs seem- 
ed so plain that I could not help being led to theorize 
on the action of wings in flight; I say theorize, simply 
because I have nct a flying-machine to show you, but 
the chain of evidence seems so complete that I have 
no doubt it will soon be accomplished without the aid 
of the screw or gas bag. 

The wings of flying-fish are, in my opinion,only used 
for flight, or when the fish is swimming very slowly 
with its fins alone, witheut trochoiding its a 

There is a distinction between the vertieal lift we see 
when a bird hovers or rises straight up from the 
ground, as exemplified by skylarks, hawks, partridges, 
and the horizontal flight of ducks, pelicans, and ‘alba 
trosses; in the first case, the wing, which is in effect a 
plane, is rotated in a cone, and kept.normal to a tro- 
choid during each revolution; the connecting-rod is 
moved ina plane at right angles to the axis of the 
cone, and the guides are horizontal, the plane of the 
wing being in the line of the connecting-rod, and not 
at right angles to.it; the path cut in the air by this 
motion is a zigzag, one of the pieces between two 
angles being half a trochoid, the two half trochoids 
making up each revolution of the axis of the wing. 

In horizontal flight the conical movement is the same, 
but the connecting-rod is at right angles to the plane 


po ar — model wes afterward made and exhibieed that worked 
y. 








them, this Society is welcome to any of the laboratory 
models that aided me in finding it out. 

In conelusion, gentlemen, I should like your opinion 
as to whether or not there is evidence to show that 
there is a power almost universally used by Nature for 
the transmission of foree, that can claim to be regarded 
as distinet from those previcusly used in our mechan- 
isms; and if not, under what head do you class the tro- 
choided — ? 

Regarding these models,* they are exhibited here as 
the result of about a dozen efforts in the direction of 
artificial flight, and they are, to the best of my know- 
ledge, quite original; and let me point out the certainty 
that if only twenty more are made, several marked im- 
provements must be evolved; and if there are any 
mechanical members of this Society who see that the 
successful construction of such a machine would be 
advantageous, they could, at the cost of a few shillings, 
eopy these models, making such alterations as their 
imperfections suggest, and a comparison of the improv- 
ed models would show what progress had been made ; 
this would hasten a process that is, to say the least of 
it, laborious and tedious. 


ABSTRACTS OF PAPERS READ AT THE MEET- 
ING OF THE NATIONAL ACADEMY OF SCI- 
ENCES, WASHINGTON, APRIL 21-24. 


In addition to the brief sketch presented in the 
SCIENTIFIC AMERICAN, we subjoin the following ab- 
stracts of papers presented at this meeting, giving all 
| that were of any other than purely technical value. 

The meeting of the Academy was fully attended. On 
the last day, thirty-four members answered the roll 
eall, being the largest attendance ever recorded. 

Besides the scientific papers, biographical sketches 
were read of Dr. J. J. Wasduesd, by Surgeon-General 
Billings, of Gen. A. A. Humphreys, by Gen. H. L. Abbot, 
and of William Stimpson, by Prof. Theodore Gill. 

Winged Insects from a Paleontological Point of View. 
By Samuel H. Scudder.—The division of hexapod in- 
sects into orders has undergone no very striking 
changes since the time of Linne and Fabricius, the 
founders of entomological science; new elements, in- 
deed, have entered into their definitions, but the main 
divisions introduced by these pioneers have, on the 
whole, stood the test of time and increasing knowledge 
in a somewhat remarkable way. Unquestionably this 
is due in large measure to a somewhat unusually shar 
delimitation of most of the main groups, recogniz 
even by the least observant, who, if given a thousand 
chance insects from his own neighborhood, would be 
pretty sure to separate from one another the wasps, the 
moths, the flies, the beetles, ete., or at least most of 
them. There are of course afew forms (few compared 
to the mass) which would prove disturbing elements, 
and there are some concerning which the best informed 
are not wholly agreed, there are also some groups 
about whose taxonomic value there is still disagreement 
such as whether the Heteroptera and Homoptera 
should be looked upon as orders or as primary divisions 
of the order Hemiptera; others concerning which there 
is some dispute whether they should be separated as 
orders, or as mere families of one of the long establish- 
ed orders, instances of which may be found in the 
Westwoodian orders of Aphaniptera and Euplexoptera; 
still others, not regarded as distinct orders, concerning 








* These models were somewhat similar to Figs. 3,5, and 7, and were 
not shown at the previous conve! one, 


and descending are merely resultants dependent on | 





These are my views, stated as concisely as I can; and | 
if you think there is any novel truth embodied in | 





whose nearest affiliation there is orhas been question— 
as in the case of the so-called Pseudoneuroptera. This 
is in effect only to say that here, as in other great 
zoological divisions, there are aberrant groups, and the 
main groups themselves are unequally delimited. 

The attempts, however, to group the orders into 
larger divisions still subordinate to the grand hexapod 
type have resulted in very diverse presentations, ac- 
cording as one or another set of organs, or other pecu- 
liarities, were deemed of prevailing weight. The two 
which have found the most adherents have been that 
which separated the mandibulate from the haustellate 
insects, and that which divided them from each other 
according as their metamorphosis is complete or incom- 
»lete. To the first, the objection naturally arises that 
it places the Hemiptera beside the Hymenoptera, 
Lepidoptera, and Diptera, rather than with the Cole- 
optera and Orthoptera, to which by all other points in 
their bodily structure and by their metamorphoses they 
are certainly far more closely allied. To the latter, that 


limits of a single order, so that it would require a dis- 
memberment of the orders to uphold the distinction in 
a logical form. 

In the attempts alluded to above, naturalists have 
simply selected, as it were, combinations of acknow- 
ledged ordinal peculiarities in order to form and dis- 
tinguish their superordinal divisions, and have failed 
to search deeper into the general structure for more 
fundamental characteristics. Packard, however, has 
done this, and by employing the terms Metabola of 
Leach, in a modified sense, and Heterometabola, has 
brought the Hymenoptera, Lepidoptera and Diptera 
under the former, and the other orders under the latter. 
In a paper published six years ago on the Early Types 
of Insects, I gave my adhesion to this view, and 
strengthened it, as I believe, by some additional char- 
acteristics drawn from the regional divisions of the 
trunk. In the Metabola, the thorax, supporting the 
organs of. aerial locomotion—primary feature of the 
Hexapoda as a whole—is very highly organized and 
compact, well differentiated from both head and abdo- 
men, the prothorax very small; the body is generally 
cylindrical; the mouth parts prolonged into a beak of 
some sort, and the mandibles rarely opposed at tip; the 
frontwings are membraneous and larger, generally very 
much larger, than the hind pair; the larva is cylindri- 
cal, and in no way resembles the adult, and the pupa is 
inactive. In the Heterometabola, on the other hand, 
the prothorax is larger, and the jointsof the thorax are 
less compacted, as a rule, than in the Metabola, or, if 
compacted, generally massively soldered to the abdo- 
men; the body is usually flattened; the mouth parts are 
generally not prolonged into a beak, and the tips of 
the mandibles are generally opposed; the front wings 
are generally more or less coriaceous or with very num- 
erous and thickened veins, and generally smaller than 
the hind wings; the larvais usually depressed, often 
resembles the adult in form (excepting, of course, in the 
wings), and the pupa may be active or inactive. 

The exceptions, in special points, to the above gen- 
eral statements are not few, especially among the less 
homogeneous Heterometabola, but if any superordinal 
division of Hexapoda is to be looked for, it would seem 
to be on the lines here indicated. The points which 
are especially disturbing are the opposition of the man- 
diblesin the Hymenoptera, and the appearance of 
many metabolous characteristics among the Neurop- 
tera properly speaking, a group which is, nevertheless, 
as a whole, admittedly related most nearly to other 
heterometabolous orders. 

That the Metabola should rank, as a whole, higher 
than the Heterometabola can scarcely be disputed; the 
regional division of the body, the structure of the 
wings for flight, and especially for strong and directed 
flight, the complication of the mouth parts, and the 
universally complete metamorphosis and quiescent 
ae state, are fundamental features, in which the 

1exapodal type is carried, as a whole, to its highest 
development. And yet, as we shall see, there are some 
features in which its members have held to funda- 
mental characteristics of paleozoic hexapods more 
firmly than have most of the heterometabolous groups. 

This brings us fairly to the main object of this paper. 
What were the relations of the ancient to the modern 
types of winged insects? In what succession did the 
two superordinal divisions of insects appear, and at 
what period the different orders as we now recognize 
them? What light, in short, can paleontology throw 
upon the origin and succession of insects? 

In attempting some years ago, in a paper already re- 
ferred to, to answer this question in a broad way, I 
stated that all the orders of Heterometabola, and none 
of Metabola, had been found in paleozoic deposits. To- 
day I shall have to modify this proposition. Not only 
have numerous discoveries been made in paleozoic de- 

,0sits within the past six years, but those already known 
1ave been subjected to more rigorous study and wider 
comparisons, which have considerably enlarged our 
knowledge. Protophasma had then only just been dis- 
covered, an insect which has done more than any other, 
excepting Eugereon, to throw light on the fundamental 
characteristics of the early world of insects; and even 
now Brongniart has published but five or six examples 
of the treasures of Commentry, a place which has al- 
ready yielded remains exceeding in nuinbers those of 
all the rest of the world put together. Nor must we 
leave out of sight his discovery of a winged insect in 
the Silurian. 

While our knowledge of paleozoic insects is thus 
shown to be clearly still in its infancy, it may appear 
hazardous to attempt to formulate statements of a 
broad and sweeping character concerning the appear- 
ance of the primary groups of insects in paleozoic times, 
especially if I am already compelled within six years to 
modify such assertions then made. Yet when I point 
out the nature of this modification, made after a special 
study of every known paleozoic form, it will appear less 
hazardous. 

The moditication I would introduce is to this effect: 
That while we may recognize in the paleozoic rocks in- 


| sects which were plainly precursors of existing Hetero 


metabola, viz., Orthoptera, Neuroptera (both Neurop- 
tera proper and Pseudoneuroptera), Hemiptera (both 
Homoptera and Heteroptera), and perhaps Coleoptera— 
and no Metabola whatever—a statement almost identical 
with that previously made, we may yet not call these 
Orthoptera, Neuroptera, etc., since ordinal features 
were not then differentiated; but all paleozoic insects 
belonged to a single order which, enlarging its scope as 
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outlined by Goldenberg, we may call Paleodictyop- 
tera; in other words, the paleozoic insect was a gene- 
ralized Hexapod, or more particularly generali 
terometabolon. Ordinal differentiation had not begun 
in paleozoic times. 

It will be asked, Were there, then, no cockroaches in 
paleozoic times? I answer, yes; cockroaches, but no Or- 
thoptera; Paleoblattarie, no- Blattarie; that is, Palwo- 
dictyoptera, not Orthoptera. Mayflies, but they were 
Palephemeride, not Ephemeride—again, not Neurop- 
tera, but Paleodictyoptera. Walking sticks, but no 
Phasmida—only Protophasmida, another group of Pa- 
lwodictyoptera. 

The grounds for this view are as follows: 1. No group 
of paleozoic insects has yet been studied carefully—and 
it is important to observe that, though our knowledge 
of them is of necessity fragmentary, yet the more per- 
fectly they are known the clearer is this true—no 
group, I say, has been carefully studied which does not 
show, between it and the modern group which it most 
resembles, differences so great that it must be separat- 
ed from that group as a whole, as one of equal taxo- 
nomic rank, as in the case of the three related groups 
last mentioned. 

2. That the different larger groups of paleozoic times, 
of which we now know nine or ten, were more closely 
related to one another, at least in the structure of their 
wings (which is the only point of general structure yet 
open for comparison), than any one of them is to that 
modern group to which it is most allied, and of which 
it was with little doubt the precursor or ancestral type. 
Thus the Paleoblattari# are more nearly allied in the 
ground structure of their wings to certain neuropteroid 
Paleodictyoptera of paleozoiec times than to the mo- 
dern Blattariz; and yet we can sc completely trace in 
mesozoic times the transition from the Paleoblattarize 
to the Blattariz, that no reasonable doubt can exist as 
to their descent, the one from the other. 

8. The ordinal distinction which is now found in the 
wing structure of modern insects did not exist in paleo- 
zoic insects, but a common simple type of neuration 
which barely admitted of family division. 

It will appear from this that,by a sort of principle 
of family continuity, we may recognize in the paleozoic 
insects a tendency toward a differentiation in ordinal 
characters, sufficient to enable us in an ea pos facto 
fashion to distinguish between orthopteroid, neuropte- 
roid, etc., Paleodictyoptera. 

In speaking above of the different orders of Hetero- 
metabola which were foreshadowed in ancient times, I 
included the Coleoptera with a limitation, for the fol- 
lowing reasons: Troxites, the only supposed paleozoic 
beetle which has not been shown to be an arachnid, is 
a very obscure object, and is very likely, as Brongniart 
has suggested, to be merely some fruit. But there 
have been found wood borings of different kinds which 
so nearly resemble similar excavations made now by 
Coleoptera, that it is natural, though of course not 
necessary, to substitute these for them. Yet if 
Coleoptera, with front wings differentiated as those of 
to-day, existed then, it would be rather anomalous, 
since all the paleozoic insects we know excepting one, 
Phthanocoris, whieh foreshadowed the heteropterous 
Hemiptera, had fore wings as completely membraneous 
as the hind wings. 

It seems to me probable, therefore, though there are 
no further aeons for it than those just given, coupled 
with the present relationship of the Coleoptera to other 
Heterometabola, that Coleoptera sprang from such 
Paleodictyoptera as were wood-borers throughout 
the greater part of their life, and which at first showed 
no greater distinction between the front and hind 
wings than existed generally in other Palwodictyopteza; 


but afterward those races were preserved in which the , 


thickening of the membrane of the upper wings the 
better protected the insects while in their burrows for 
the marriage flight in open air. Their habits would 
render their preservation in the rocks less frequent, and 
this special differentiation would be likely to proceed 
rapidly, and to be retained even by those which lost 
the wood boring habit—a habit, by the way, likely to 
have existed with some insects living in vast carbon- 
iferous forests. 

Of the metamorphoses of the paleozoic insects we 
know absolutely nothing, for no larval or pupal form 
has yet been found, nor even any apterous insect 
which might by any possibility be looked upon as such. 
The preparatory stage of existing Heterometabola; the 
fact that from every form of evidence the more ** com- 
aya metamorphosis must have been derived from the 
ess complete; and the generally admitted proposition 
of Brauer and others that metamorphosis, that is, radi- 
eal change of form after birth, is a secondary adaptive 
feature—these all lead us to conclude that the only sig- 
nificant change in the paleozoic Paleodictyopteron 
after leaving the egg was the acquirement of wings; 
and that the acquirement of wings was the lever which 
natural selection handled to procure the present varied 
forms of metamorphosis in insects. 


A curious and somewhat unexpected fact is found in | Metabola at first in feeble numbers, but to-day and | 
h 


the present universal prevalence of membraneous front 


wings in all the orders of Metabola, similar to what is | 


found in the direct paleozoic ancestors of Heterometa- 


bola; while most existing Heterometabola, though low- | 


erin general organization than the Metabola, have 
passed beyond this feature of uniformity to one of 
greater differentiation, the front wings being more or 
less coriaceous, while the hind wings are still membrane- 
ous. 


tyoptera as the ancestors not only of later Neuroptera 
but also of all Metabola, and would account in a meas- 
ure for the somewhat close relationship of the Phry- 
ganide and lower Lepidoptera. 

Allusion has been made to Brongniart’s discovery. of 
an insect’s wing in the middle Silurian—a long way re- 
moved from the upper Devonian, which had hitherto 


He- | 


This, together with the direct relation of some | 
valeozoic insects to later types, would lead us to be- | 
ieve that we are to look at the neuropteroid Paleodic- | 


|sense, as we have everywhere done inthis essay; we 
find every one fully developed in the Jurassic period. 

In the Orthoptera we find as good a proof as any- 
where, since cockroaches are the only insects found in 
,any numbers in the very lowest mesozoic rocks. Their 
presence in the Trias and its significance will be allud- 
ed to later. In the Jurassic rocks nearly forty species 
are known, of which about one-third are in the lower 
Jurassic, and nearly all are true Blattariz. So, too, in 
the Liassic rocks we recognize all the families of salta- 
torial Orthoptera and the Forficulari#, so that the 
Ortboptera may be considered as well established early 
in mesozoic times. Unfortunately, no Phasmida have 
yet been recovered. 

Only one or two Neuroptera have been recognized in 
the Trias, but in the Lias we have a considerable nuim- 
ber, including Megaloptera, Sialina, Panorpide, 
Phryganide, Ephemeride, Termitina, and Odonata, 
showing that the differentiation into the non-existing 
families was apparently complete early in mesozoic 
times, and that forms of nearly all recognized families 
were abundant in the middle and later Oolite. 

The two orders just mentioned are almost the only 
once that have yet been recognized in the scanty fauna 
of the Trias, but the moment we reach the lower 
Jurassic rocks we find traces of nearly all the others; 
thus several families both of Homoptera and of Heter- 
optera are found in Liassie rocks, including such 
diverse types as the Coreid#, Belostomidwe, Cicadina, 
and Cicadellina, while Fulgorina and Aphidina are 
added in the Oolite. 

The Coleoptera, of which we found only indefinite 
traces in paleozoiv rocks, have been found in the Trias 
(Chrysomelites), and the adjacent Rhaetic has disclosed 
forms as different as Hydrophilites, Buprestites, and 
Cureulionites, while the Lias already claims some one 
hundred and twenty-five species referred to as many as 
seventeen distinct families. 

When we come to the metabolous orders, we find a 
scantier representation, but in the more limited sense 
necessarily attendant upon this fact nearly the same 
things are true. Three or four species of Diptera, re- 
ferred to Chironomide, Tipulide, and Asilidw, are 
found as low down as the Lias, about as many more in 
the middle Oolite, and some fifteen or twenty in the 
upper Oolite, of several different families, mostly Ne- 
mocera. 


ceedingly scanty even in the tertiaries, we know of two. 


unquestionable Sphingid# in the middle Oolite, and 
the mines of atineid moth in the Cretaceous. While of 
Hymenoptera we have eight or ten mesozoiec species, 
the oldest of which is an undoubted ant from the Lias, 
next a, wood wasp and four or five very obscure remains 
from the middle Oolite of Solenhofen, two ants again 
from the upper Oolite (Purbecks), and the eggs of one 
of the Tenthredinid#w from the Cretaceous. 


We find, then, that the entire changefrom the general- | 


ized hexapod to the ordinarily specialized hexapod was 
made in the interval between the close of the paleozoic 
yeriod and the middle, we may say, of the mesozoic. 
hese significant changes were ushered in with the 
dawn of the mesozoie period, and the Triassic rocks be- 
come naturally (together with the Silurian) the most 
important, the expectant, ground of the student of 
entomology. Hitherto for fifty years the Carbon- 
— period has claimed this interest as its birth- 
right. 

The Silurian period has furnished only asingle in- 
sect, just discovered and already alluded to. The 
Triassic has four or five representatives in the Old 
World, while a new locality recently made known in 
Colorado has yielded a considerable number of speci- 
mens of about twenty species, mostly still unpublished. 
Most of these are cockroaches, and they illustrate and 
enforce the conclusion we have reached in an interest- 
ing way. One of them, the European Legnophora of 





Heer, shows for the first time in the history of cock- | 


roaches a thickening of the front wings, rendering the 
veins nearly obsolete, a characteristic of Blattariw (not 
always very striking), but never found in Paleoblat- 
tariz. A similar appearance is to be seen in a few of 
the American cockroaches of the Trias, and in addi- 
tion to this they are divided between Blattarie and 
Paleoblattarie, and the pass: from one to the other 
is traceable. The two exist side by side, but some of 


neous, 
It would, then, appear that the geological history of 


tions,may besummed upina very few words. Appearing 
in the Silurian period, insects continued throughout 

leozoic times as a generalized form of Heterometa- 

la which for convenience we have called Palwodicty- 
optera, and which had the front —— as well as the 
hind wings membraneous. On the advent of mesozoic 
times a great differentiation took place, and before its 
middle all of the orders, both of Heterometabola and 
| of Metabola, were fully developed in all their essential 
| features as they exist to-day, the more highly organized 





® 


even in tertiary times as the prevailing types. 
Metabola have from the first retained the membrane- 
ous character of the front wings, while in most of the 
Heterometabola, which were more closely and directly 
connected with paleozoic types, the front wings were, 
even in mesozoic times, more or less completely differ- 
entiated from the hind wings, as a sort of protective 
covering to the latter, and these became the principal 
organs of flight. 

nother paper was by Prof. E. D. Cope, of Philadel- 
phia, on the Pretertiary Vertebrata of Brazil. He 
stated that the tertiary vertebrata of Brazil, and of 
South America, north of Patagonia, and of Central 


America and Mexico as far north as the city of Mexico, | 


Of Lepidoptera, the remains of whichare ex- | t 


the Blattarie have the front Wings equally membra- | 


winged insects, so far as we know from present indica- | 


From beds of the same region, bones of dinosaurian 
reptiles had been procured. From marine Cretaceous 
beds came crocodiles and fishes of the same genera as 
those found in the upper Cretaceous of New Jersey, but 
of distinct species. One of the fishes, a Pyenodus, 
gave important evidence as to the true position of that 
|genus in the system. The most important fossil of the 
| Permian beds is a probable reptile of very primitive 
| type, whose position is yet uncertain. It had the ribs 
| fixed immovably to the vertebral bodies, and was thus 
| incapable of breathing by intercostal movements. The 
| feet indicate natatory habits; and the speaker inferred 
that the fixity of the ribs was connected with a gen- 
| erally subaqueous habitat. It was named Stereosternum 
j\timidum. The form is not like any genus hitherto 
| known from the Permian period. 

| Prof. Theodore Gill read a paper On the Orders of 
| Fishes. He said that the system of ichthyology is the re- 
| proach of modern science. Prof. Cope has contributed 
|most to the advancement of systematic ichthyology. 
The word “fish” as ordinarily used means simply those 
vertebrate animals that live in water, and has no 
scientific value. The term ‘‘teleostomes” is proposed 
| instead of “fish” to designate the true fishes. There 
j}are 8 or 9 extinct orders. The following scheme ex- 
| hibits the classification proposed by Prof. Gill. It is 
| to be noted that so-called * ganoids” are not mentioned. 





i Leptocardians. Teleostomes Continued: 

2. Myzonts: oe sete 
Hyperotreti. Rho rostel, I 

’ rh 10m boganoidei. 
Hyperoartii. Cy ‘dei 
4 yeloganoidei. 

8. Selachians: Plectospondyli. 
Holocephaili. Nematognathi. 
Opistharthri. Gymnonoti. 
Proarthri. Seyphophori. 
Anarthri: Symbranchia. 

Galei. Carenchelyes. 
Rhine. Apodes. © 
Platysomi. Lyomeri. 

4. Teleostomes: Opisthomi. 
Dipnoi. Xenomi. 
Crossopterygi. Iniomi. 





Prof. Cope approved the omission of ganoids as a 
distinct group, and discussed some details of classifica- 





ion. 

Prof. Gill replied that he considered selachians and 
|teleostomes distinct. In selachians, we have ossifi- 
cation, but not membrane bones; but in teleostomes 
we have bony fins, sustained by true membranes. 

We have thus a great advance in the true fishes. All 
the membrane bones are developed in them, and are 
developed for the first time in them. 

Prof. Cope insisted on a double cross classification 
proposed by him, in which the presence or absence of 
membrane marked one line of classification, and that 
of aquadrate bone the other, giving membraneous fishes 
with and others without a quadrate; also non-mem- 
branous fishes with and others without quadrate, thus: 





No Quadrate. 
Membraneous Holocephali. 
Non-membraneous, Dipnoi. 


Quadrate 
Selachians. 
True fishes. 


The Classification of Natural Silicates, by T. Sterry 
Hunt.—The author noticed the so-called natural 
history method of classification of mineral species, based 
on physical characters only, and also the purely chemi- 
cal method, which treats them as chemical compounds 
without regard to physical characters. He contended 
that a true and natural classification must keep in view 
both chemical and physical relations, and proceeded to 
set forth a new system, which was illustrated by show- 
ing its application to all natural silicates as set forth in 
three printed tables. In these the silicates are divided 
into protosilicates, protopersilicates, and persilicates, 
in each of which the species are arranged with regard to 
the oxygen ratios between silica protoxides and sesqui- 
oxides, and also with reference to the molecular conden- 
sation, or in other words, the spatial relation of the 
oxide unit, which is shown to be closely connected with 
hardness, specific gravity, and chemical characters. The 
protopersilicates of varying oxygen ratios, for example, 
are grouped in separate columns under the heads of 
zeolitoid, spathoid, adamantoid and phylloid, a sub- 
| ordinate division of the latter being called pinitoid. In 
like manner the protosilicates are arranged as pectoli- 
loid, spathoid, admantoid, and ophitoid, and the per- 
silicates as kaolinoid and adamantoid. This, it was 
claimed, gives a natural system for mineralogy. 
| Prof. G. W. Hill read a paper on a discussion of the 
| two lunar inequalities due to the action of Jupiter, 

whose discovery is due to Mr. E. Neison. Oneof them 
| had been previously pointed out by Prof. Newcomb. 
| Mr. Neison gives —1°163'and +-2'200° as the coefficients 
of these inequalities. Prof. Hill finds —0°903" and 
| +0°209", showing some discrepancy, especially in the lat- 
ter coefficient. 

In his paper on the Gampsynochide, an Undescribed 
Family of Fossil Schizopod Crustacea (one of several 
papers on crustaceans read by him), Prof. Packard re- 
marked that from the form described the higher crusta- 
ceans and decapods may have arisen. It was similar 
| to some of the specimens brought up from deep sea by 
| the dredgings of the Challenger. 

Prof. C. A. Young read a paper on Recent Observa- 
tions upon the Rotation and Surface Markings of Jupi- 
ter, for the purpose of calling attention of other 
observers, oa increasing the number of observations. 

Ten years a red spot appeared on the surface of 
Jupiter, which beeame, and long continued to be, the 
most conspicuous object on that planet. The central 
portion of it is now covered with a white patch. 

Late in March of this year, he noticed a long row of 








as known up to the present time, belong to one fauna 
and one geo ogical horizon, the Pampean or Pliocene. | white spots in the southern hemisphere, above lati- 
The diversity of this fauna from the contemporary | tude 40° to 45°. He selected for observation one which 
| faune of other regions of the earth has been shown to | was readily distinguished by its position, being the 





been their lowest known horizon. But though he, be great. It is one of the points to be determined by 
quickly published a rude figure of his fossil, it is in- | the study of earlier faune, whether the same diversit 
sufficient for critical purposes, and it would probably | existed at earlier periods of the history of the Sout 
be hard to obtain from a single discovery the clew we | American continent. 
need as to the ancestry of the Paleodictyoptera. We | 
may safely conclude, however, that the wi 
dictyoptera came in as early as the middle Silurian, and A. Derby, the director, from localities from Clara on 
that up to the close of the paleczoic epoch their diverg- ' the north to the southern 
ent stems were still admissible into one general order. 
Now, when we look at the insects of later formations, 
we find types of every one of the existing orders of | Certain fishes from the fresh water beds near Bahia 
insects—speakingwof these orders in their broadest have a decidedly lower tertiary or 





southern in a quadrilateral, and having a diameter of 
1° to14¢". His observations were correct within one 
minute, and give the following results, showing a de- 
'erease of over five minutes in the time of Jupiter's diur- 


The speaker stated that he had received collections pal revolution as compared with the results deduced 
Paleo- from the Brazilian Museo Nacional, through Prof. O. feats ate ret of the: red spot. 


rt of the province of San hom 8. hm. 8 
Paolo on the south. The fossils are referable to Creta- March 25........ 9 24 00 Sid. 9 09 243 M. T. 
|ceous, Jurassic, and probably Permean formations. April 1....... «+. 10 30 30 9 48 02°2 
Interpolated 9 48 00°9 
e character, April 18.,,.....,, 10 21 00 8 31 483 
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Mr. A. N. Skinner (by invitation) read a paper on 
the total solar eclipse of August 28, 1886, in which he 
presented facts bearing on the advisability of attempt 
ing observations. 

The eclipse will begin at sunrise near the east coast 
of South America, where observation will be iimpossi 
ble. owing to nearness of sun to the horizon, and 
will extend across the Atlantic to the coast of Africa, 
near Benguela 

There are no islands in the Atlantic near the place of 
maximum duration of the eclipse. Hence, the only 
possible observing stations must be in Africa. ‘The 
duration of totality in mid-ocean is 61m. 33s.;o0n African 
coast, 4m. 41s. This islong enough to give useful re 
sults if it proves practicable to establish an observing 
station. The time of day will be favorable, being 
about 3 P. M., when the sun will be about 40° high. 

This portion of the coast is very unhealthy, but the 
land rises rapidly, and itis more healthy a few miles 
inland. 

Access to the 
gerous, 

The shadow of the eclipse is 116 miles in diameter 
where it strikes the coast. The axis of the shadow is 
near a good harbor, though the water supply is poor. 
The nearest settlement is Benguela, 20 to 2 miles dis- 
tant. There are two monthly lines of steamers to Ben 
guela. One plies from Lisbon, the other from Liver 
pool. 


It was suggested that possibly an observing party 
might be stationed aboard a United States naval 
sel anchored inthe harbor; the observers doing 
ashore in the daytime, and sleeping aboard at 
which would be some protection from miasm 

The eclipse occurs near the close of the dry season, 
which is the most healthy portion of the year, and gives 
good probability of clear sky. The line of vision 
ing seaward would obviate obstruction of smoke from 
burning brush, ete., from land fires, which are then 
prevalent. 

Prof. E. D. Cope read a paper on the Phylogeny of 
the Placental Mammals He all existing 
mammals to have arisen from monotremes through the 
intervention of extinet forms of marsupials, though he 
admits some doubt about cetaceans. This result is not 
obvious at first, for the reason that of the three divi 
sions of mammals, the placental mammals are now 
widely differentiated from monotremes and marsupials, 
neither of which are placental. The marsupials were 
specialized early, and have even lost ground later. 

The phylogeny of the mutilates is not well under 
stood. 

The rest of the placentals are divided into ungu 
lates and unguiculates. 

He presented the following scheme of phylogeny: 


interior is, however, difficult and dan 


Ves 
work 
night, 


SUpPposes 


PHYLOGENY OF MAMMALS. 


UNGULATE- UNG*ICULATE. 
Inseetivora Rodentia Chiroptera 
Kdentata Carnivora 


Tilledonta 


Hyracoidea 


Diplarthra 
P Anthropoidea 


roboscidea 


Amblypoda Quadrumana 
' 


\ niodonta | Creodonta 
Sirenia \ 


Cetacea Condy larthra 


Marsupislia Existing Marsupialia 


Monotremata 


In the lower Eocene, most placental mammals are 
referable to two types, one ungulate, the other ungui 
culate. They had a general identity in osteology, and 
were only distinguished by the phalanges (/. ¢., into 
hoofed and clawed animals 

The primitive unguiculate presents a form similar to 
a carnivore of the creodont group. 

Man belongs to the ungulate (or lhioofed) series. 

The classification of manuals how adopted by Prof. 
Cope is shown in the following scheme 

l. A large coracoid articulating 
sternum. 

Marsupial bones : 
end of astragalus. 


hone with the 


fibula articulating with proximal 


1. Monotremata. 


II. Coracoid small co-ossified with the 
scapula. 

a. Marsupial bones: palate with perforations (vagina 
double ; placenta and corpus callosum rudimental or 
wanting ; cerebral hemispheres small and smooth). 


But one deciduous molar tooth. 


a pre CESS 


2. Marsupialia. 
aa, No marsupial bones: palate entire (one vagina ; 
placenta and corpus callosum well developed). 

8. Anterior limb reduced to more or less inflexible 
paddles, posterior limbs wanting (mutilata). No elbow 
joint ; carpals discoid, and with the digits separated by 
cartilage ; lower jaw without ascending ramus. 

3. Cetacea, 

An elbow joint; carpals and phalanges with normal 
articulations ; lower jaw with ascending ramus, 

4. Sirenia. 
and distinct 
and acute at 


£8. Anterior limbs with flexible joints 
digits ; ungual phalanges not compressed, 
apex (ungulata),. 
y. Tarsal bones in linear series ; 
linear series. 
Limbs ambulatory ; teeth with enamel. 
». 


carpals generally in 


Taxeopoda. 
yy. Tarsal series alternating; carpal series linear. 
Cuboid bone partly supporting navicular, not in con- 


tact with astragalus. . 
6. Proboseidea. 
yyy. Both tarsal and carpal series more or less.al- 
ternating. Os magnum not supporting scaphoides’; 
cuboid supporting astragalus; superior molars tr 
tubercular. 
7. Amblypoda. 
Os magnum supporting scaphoides ; superior molars 
quadri-tubercular. 
‘ 8. Diplarthra. 
BBB. Anterior limbs with flexible joints; ungual 
phalanges compressed and pointed (anguiculata). 
é. Teeth without enamel ; no incisors. 
Limbs not volant ; hemispheres small, smooth. 
9. Edentata. 
ee, Teeth with enamel ; incisors present. 


lishing the intensity of the sound till it becomes inau- 
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| No postglenoid process ; mandibular condyle round ; 
| limbs not volant ; hemispheres small ; smooth. 
10. Rodentia. 
Limbs volant ; hemispheres small; smooth. 
11. Chiroptera. 
A postglenoid process; mandibular con‘lyle trans- 
verse ; limbs not volant ; no scapholunar bone ; hemi- 
spheres small ; smooth. 

12. Bunotheria. 
volant, with a 
Convoluted, 
13. Carnivora. 


A postglenoid process; limbs not 
scapholunar bone ; hemispheres larger. 


In the discussion that followed, Prof. Morse express- | 


ed great admiration for Prof. Cope’s work, especially 
for the directness of the passage shown from man to 
the lower animals of the Eocene. 

Prof. Gill disliked the term quadruimana, preferring 
to classify the so-called quadrumana with the anthro- 
poids, calling both primates. The condylarthra 
should be separated from the primates. The freedom 
of limbs from body in primates is due to arboreal 
habits. Simize and primates are so closely allied that 
their separation must have been recent. Man is deriv 
ed froma genus like troglodytes—some form like the 
gorilla or chimpanzee. The cercopitheci should be ex- 
eluded from the anthropoid group. 

Prof. Cope explained his system more in detail, show- 
ing substantial argreement with the main points sug- 
gested by Prof. Gill. 

Prof. Morse inquired whether the separation of an- 
thropoids was not earlier than the Miocene. 

Prof. Cope replied that the Hominid are more re- 
cent, but the anthropoid group has a more primitive 
origin. He would derive the group from some extinct 
lemus, which in turn came direct from condylarthra. 

The Evolution and Homologies of Flukes of Cetace- 
ans and Sirenians was presented by Profs. Theodore 
Gill and John A. Ryder. 

Prof. Gill began by stating that three versions had 
been given of the relations of flukes to corresponding 
parts of other mammals: 

1. That of Linnzeus, that the flukes correspond to 
the hinder limbs of quadrupeds. 

2. Flower’s theory that the flukes represent lateral 
expansions of an ordinary tail; and 

3. Gill's own proposition that the hinder limbs of 
ordinary quadrupeds are partly represented by flukes 
and partly by sinall bones developed in some cetace- 
ans. These alone represent the pelvis and limb 
bones. The fluke represents the integuments of ordin- 
ary feet. Thus we have atrophy of the osseous corre- 
sponding with excessive hypertrophy of the tegument- 
ary fabric. 

Prot. Ryder followed with a presentation of results 
of his investigations. 

The embryo of certain osseous fishes exhibits a trans- 
location within the period of development ranging from 
24 to48 hours. The morphology of seals is instructive 
in indicating the method of development. The de- 
velopment of bones in embryos generally is inverse to 
the progress of atrophy. 


May. 23, 1885. 





| - Prof. Seudder inquired the explanation of the sudden 
jump between 50 and 60. 

Prof. Bell conjectured that it might be partiy ex- 
plained on the hypothesis that children who could not 
hear at a greater Titenen of the coils than 50 centime- 
ters were known to be hard of hearing, and were not 
sent to school for that reason. 

| Prof. Bell followed with a paper on the Possibility of 
| obtaining Echoes from Ships and Icebergs in a Fog. 
He detailed experiments by Mr. F. Della Torre at 
Baltimore during the session of the Academy, which 
had been witnessed by Prof. Bell. 
They went to sea, and fired blank cartridges at ap- 
placing hearing tubes (speaking 
trumpet) upon their guns. At the distance of a mile 
| they could perceive an echo. Even from a small tug, 
|end on, they perceived an echo at the distance of a 
| quarter of a mile. 
| Mr. Della Torre proposes to put guns on the bow of 
vessels, and explode cartridges, which would give an 
echo, and enable the presence of obstructions to 
| navigation to be distinguished in a fog. 

One consideration may militate somewhat against 
ithe success of this method in rough weather. The 
| waves may produce a sound that will confuse the ex- 

perimenter. It was noticed that when the water was 
rough there was a sound like rumbling thunder. As 
they were several miles from shore, and the sound came 
back almost immediately, where there were no vessels 
near, but the waves were high, this sound must have 
| been caused by the echo from the water itself. 


| proaching vessels, 
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portant scientific papers heretofore published in the 
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These studies appear to demonstrate that cetaceans 


have descended trom terrestrial anammals having’ well | 


developed ambulatory limbs, 

Prof. lra Remsen read a paper on Chemical Action in 
a Magnetie Field. He Las been experimenting for two 
or three years, in order to ascertain whether magnet- 


| ized iron conducts itself differently from non-magnetiz- 


ed in the presence of chemical reagents. The deposit 
from a solution.of copper upon iron on a magnet is 
very curious in its arrangement. It appears as if those 
parts of iron which are highly magnetized are 
affected than others by chemical action. He put iron 
on glass above a magnet, and poured on nitric acid with 
abnormal results, 

Instead of an eleetro-magnet, he then tried the action 
of nitric acid on iron in a test tube. The chemical ae 
tion ina tube placed in a coilis retarded. This fact is 
fully established. | 

The paper gave rise to animated discussion by Profs. 
Newcomb, Barker, Bell, Young, and Wright. In reply 
to questions Prof. Remsen said that no effeet had been 
discovered inaction of non-magnetizable substances; 
also that the current had been always the same way, 
so that no comparison had been made between posi- 
tive and negative poles, 

Prof. A. Graham Bell read a paper on fhe Measure- 
ment of Hearing Power, giving results of recent experi 
ments by him on 727 children of the Franklin School, 
Washington. These results are thus tabulated : 


less | 


Namber of 
pupils, | 


Audiometer readings, 


in centimeters Percentage. 





| Obtuse. 
0 





0 to 10 
10 ** 20 
20 30 
30 10 
40 50 
i) Ho 
OO 70 
70 sO 
80 90 


enact 


“7K 


Acute. 


Total 100°0 


The audiometer employed is a telephone. We pro- 
duce a sound of known intensity by the rotation of 
Siemens’ armature. The distance between two coils 
enables us to caleulate the degree of loudness of the | 
sound. The patient draws the coils apart, thus dimin- | 
dible to him, and the number of centimeters in the 
above table marks this distance. This test, therefore, 
gives the result of the best ear. There is almost always | 
a difference between ears. 

Partial deafness is very prevalent among children. | 
In New York it was found that ten per cent. of the | 
children were hard of béarin 
shows nearly the sam® result, a 
being considered as below 
of demarkation between, 
all shades of deafness an 
found. 


,andthe above table | 
below 50 centimeters | 

There 4s no broad line | 
afand hearin people, but | 
hardness of +. 


| tions patented through é 


earing are | 
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